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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

TECHNICAL NOTE D-1320 

A CENTRAL FACILITY FOR RECORDING AND 

PROCESSING TRANSIENT-TYPE DATA 

CHAPTER I 

GENERAL DESCRIPTION 

By Richard L. Smith 

SUMMARY 

The d a t a  system descr ibed  has t h e  c a p a b i l i t y  of recording and auto-  
m a t i c a l l y  process ing  t r a n s i e n t - t y p e  d a t a  i n  t h e  frequency range of 0 t o  
10,000 cps. 
n e t i c  t a p e  and are processed by e i t h e r  an analog o r  a d i g i t a l  computer. 
S p e c i a l  sh i e lded  cab le  i s  used t o  t r ansmi t  t h e  d a t a  at low vo l t age  l e v e l s  
from s ix  t e s t  f a c i l i t i e s  over cab le  l eng ths  up t o  7000 feet .  I d e n t i -  
f i c a t i o n  and search  f e a t u r e s  are provided as we l l  as a quick-look f e a t u r e  
us ing  a s torage- type  osc i l loscope .  
s i n c e  March 1960. 

Data are recorded i n  bo th  analog and d i g i t a l  form on mag- 

The system has been i n  opera t ion  

INTRODUCTION 

I n  1954 a c e n t r a l  automatic  d a t a  process ing  system was placed i n  
T h i s  system m e t  a l l  opera t ion  a t  the  Lewis Research Center ( r e f .  1). 

des ign  ob jec t ives  and i s  s t i l l  i n  operation; however, it i s  only u s e f u l  
for process ing  s teady-s ta te - type  da ta .  Since t h a t  time, advances i n  t h e  
state of t h e  e l e c t r o n i c  art have made it p o s s i b l e  t o  b u i l d  a d a t a  system 
capable  of record ing  and au tomat ica l ly  processing t r a n s i e n t - t y p e  da ta .  
Increas ing  q u a n t i t i e s  of such d a t a  are recorded a t  t h i s  cen te r  as a 
r e s u l t  of experiments such as v i b r a t i o n  t e s t i n g ,  heat  - t r a n s f e r  exper i -  
ments, and rocket  t e s t i n g .  
came as a n a t u r a l  outgrowth of t h e  need f o r  an improved means of 
process ing  t r a n s i e n t - t y p e  d a t a  and t h e  proven usefu lness  of a c e n t r a l  
automatic  d a t a  processing system. This  system makes p o s s i b l e  t h e  analy-  
s i s  of d a t a  by mathematical  techniques t h a t  would be t o o  time-consuming 
i f  done manually, and g ives  r e s u l t s  of much g r e a t e r  accuracy than  could 
be  a t t a i n e d  by o lde r  methods of processing.  

The d a t a  system descr ibed  i n  t h i s  r epor t  
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Recording i s  done by two types  of 
f i e d  as analog and d i g i t a l .  These two 
and complement each other.. The analog 

equipment, which may b e  c l a s s i -  
recording systems are independent 
system has t h e  advantage of high- 

frequency response, while  t h e  d i g i t a l  system gives  g r e a t e r  accuracy but  
wi th  lower frequency response c h a r a c t e r i s t i c s .  A block diagram showing 
both  systems and t h e  in te rconnec t ions  i s  shown i n  f i g u r e  1-1. 

DATA CABLE 

Both types  of equipment have input  vo l tage  ranges as low as +lo 
m i l l i v o l t s  f u l l  sca le .  The equipment accepts  vo l tages  i n  most ca ses  d i -  
r e c t l y  from convent ional  low-level  t ransducers  l oca t ed  a t  t h e  t e s t  fa- 
c i l i t i e s .  S igna l s  a r e  t r ansmi t t ed  a t  low l e v e l  on c a r e f u l l y  i n s t a l l e d  
double-shielded te lephone cab le  over cable  l eng ths  up t o  7000 f e e t .  By 
doing a l l  vo l tage  ampl i f i ca t ion  a t  t h e  c e n t r a l  l oca t ion ,  t h e  t e s t  f a c i l i t y  
i n s t a l l a t i o n  i s  made r e l a t i v e l y  inexpensive and more r e l i a b l e .  I n  most 
cases  t h e  t e s t  f a c i l i t i e s  can use  a l r e a d y  e x i s t i n g  instrumentat ion.  

F igure  1-2 i l l u s t r a t e s  t h e  method of connecting t e s t  f a c i l i t i e s  t o  
t h e  c e n t r a l  d a t a  f a c i l i t y .  A s i n g l e  200-pair d a t a  cab le  i s  shared by 
a l l  t e s t  f a c i l i t i e s .  A 400-contact r e l a y  a t  each t e s t  f a c i l i t y  connects 
t ransducers  a t  t h a t  f a c i l i t y  t o  t h e  d a t a  cable  only  while t h e  f a c i l i t y  
i s  recording da ta .  A t  t h i s  wr i t i ng  s i x  t e s t  f a c i l i t i e s  u se  t h e  c e n t r a l  
t r a n s i e n t  d a t a  f a c i l i t y .  

DIGITAL SYSTEM 

The d i g i t a l  record ing  system has  1 2 8  input  channels. Resolu t ion  t o  
which vo l t ages  a r e  measured i s  0 .1  percent  of f u l l - s c a l e  vol tage.  Over- 
a l l  system accuracy i s  approximately 0.25 percent  of f u l l - s c a l e  vol tage.  
The d i g i t a l  record ing  system d i f f e r s  from t h e  analog system i n  t h a t  i npu t  
vo l t ages  a r e  not recorded continuously,  bu t  a r e  sampled i n  r a p i d  se-  
quence, converted t o  a d i g i - t a l  form, and recorded s e r i a l l y  on t a p e  as 
b ina ry  encoded numbers. The b a s i c  sampling rate is  4000 samples pe r  
second; i f  10  channels of d a t a  were being recorded, each channel would 
be sampled 400 t imes  p e r  second. 

Reading, program, f a c i l i t y ,  and channel i d e n t i f i c a t i o n  are provided. 
A block number, which i s  an  e lapsed  time ind ica t ion ,  i s  w r i t t e n  d i g i t -  
a l l y  a t  i n t e r v a l s  of 8 t o  32 mil l iseconds,  depending on t h e  number of 
channels being recorded. 

An extremely v e r s a t i l e  and u s e f u l  quick-look f e a t u r e  i s  provided 
f o r  system checkout and e d i t i n g  purposes as p a r t  of t h e  d i g i t a l  playback 
equipment. D i g i t a l  data s i g n a l s  a r e  converted back t o  analog form and 
d isp layed  on a s torage- type  osc i l l o scope  as a p l o t  of any s e l e c t e d  s i n g l e  
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channel aga ins t  time, an  X-Y p l o t  of two s e l e c t e d  channels, o r  a bar -  
graph-type p resen ta t ion  of a l l  channels.  When used i n  system checkout, 
t h e  d i g i t a l  s i g n a l s  a r e  r e t r i e v e d  from a poin t  i n  t h e  recording system 
j u s t  ahead of t h e  record  heads, so t h a t  a good ch,eck of recording s y s t m  
opera t ion  i s  obtained. When used as an e d i t i n g  f ea tu re ,  a sepa ra t e  
playback t a p e  handler  i s  used. By us ing  t h e  block number i d e n t i f i c a t i o n  
on t a p e  i n  conjunct ion wi th  t h e  playback search  f e a t u r e s  provided, any 
po r t ion  of d a t a  on t h e  t a p e  may be qu ick ly  and p r e c i s e l y  loca t ed  and 
displayed.  

In  a d d i t i o n  t o  providing t h e  quick-look funct ion,  t h e  d i g i t a l  play- 
back equipment se rves  as a n  input  t o  a high-speed d i g i t a l  computer t o  
which d i r e c t  connections a r e  made. Provis ion i s  a l s o  made f o r  i npu t s  
t o  a n  analog computer, X-Y p l o t t e r ,  and osc i l lographs .  

A photograph of t h e  d i g i t a l  system i s  shown i n  f i g u r e  1-3. The 
analog computer used i n  conjunct ion wi th  both systems i s  presented  i n  
f i g u r e  1-4. 

ANALOG SYSTEM 

The analog system i s  capable  of recording 2 4  v a r i a b l e s  simultane- 
ous ly  on i t s  24 input  channels.  The method of recording i s  frequency 
modulation of a high-frequency c a r r i e r .  
vo l tage  appl ied  a t  t h e  sending end can be recorded and played back i s  1 
percen-t of f u l l - s c a l e  vol tage.  Frequency response of t h i s  system i s  S / 2  
d e c i b e l  from d.c. t o  10,000 cps exc lus ive  of t h e  input  cable  charac te r -  
i s t i c s .  The cable  c h a r a c t e r i s t i c s  have t h e  e f f e c t  of degrading t h i s  fre- 
quency response a t  t h e  high-frequency end; t h i s  i s  d iscussed  more f d l y  
i n  chapter  11. 

The accuracy t o  which a d-c 

Since s e v e r a l  f a c i l i t i e s  may be record ing  data on a s i n g l e  r e e l  of 
magnetic tape,  it i s  important t o  provide p o s i t i v e  i d e n t i f i c a t i o n  f o r  
t h e  recorded da ta .  For t h i s  reason a reading number and a f a c i l i t y  
number a r e  recorded i n  a d i g i t a l  form preceding each reading. Time from 
t h e  start of each reading i s  recorded d i g i t a l l y  at 50-mill isecond i n t e r -  
v a l s  a t  t h e  h ighes t  recording speed and a t  longer  i n t e r v a l s  a t  slower 
speeds. Known s tandard  vo l t ages  a r e  recorded preceding each d a t a  
reading, and t h i s  information i s  used when playing back t o  co r rec t  auto-  
m a t i c a l l y  f o r  d-c d r i f t  i n  t h e  recording equipment. 

On playback, search  f e a t u r e s  a r e  provided f o r  au tomat ica l ly  l o c a t i n g  
any d e s i r e d  reading and any d e s i r e d  p o s i t i o n  on t h e  t a p e  wi th in  a reading. 
A quick-look f e a t u r e  i s  provided us ing  a s torage-type osc i l l o scope  on 
which up -to 1 2  channels of d a t a  may be viewed simultaneously.  
channels of data may be  played back and p l o t t e d  simultaneously e i t h e r  
l o c a l l y  or remotely on p l o t t i n g  equipment. 
r a w  d a t a  o r  data on which analog computations have been performed. 
Playback may be done a t  1/4, 1/2, 1/8, 1/16, and 1/32  of normal record-  
ing  speed i n  a d d i t i o n  t o  noma1  recording speed. 

Up t o  24 

These d a t a  may be e i t h e r  
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A photograph of t h e  analog system ( f i g .  1-5) shows t h e  c o n t r o l  con- 
s o l e  wi th  s to rage  osc i l l o scope  i n  t h e  foreground. 

REMARKS 

The reasons f o r  some of t h e  b a s i c  dec i s ions  i n  planning t h e  c e n t r a l  
data f a c i l i t y  descr ibed  i n  t h i s  r epor t  t h a t  might be  of i n t e r e s t  are 
l i s t e d  here in .  

One of t h e  f irst  dec i s ions  made was t h e  type  of recording t o  be  
used. Frequency-modulated analog recording o f fe red  t h e  c a p a b i l i t y  of 
wide bandwidth, while  high-speed d i g i t a l  recording incorporated much 
higher  accuracy and compa t ib i l i t y  wi th  a d i g i t a l  computer a t  t h e  cos t  of 
bandwidth. Pulse-width modulat ion-type systems had n e i t h e r  t h e  accuracy 
of d i g i t a l  systems nor t h e  bandwidth c a p a b i l i t y  of a frequency-modulation 
system. 
recording equipment i n t o  one transient data record ing  f a c i l i t y ,  a maxi- 
mum range of t e s t  f a c i l i t y  requirements could b e  m e t .  

By incorpora t ing  bo th  d i g i t a l -  and frequency-modulation-type 

From t h e  s tandpoint  of bo th  cos t  and ease of maintenance, it i s  
d e s i r a b l e  t o  concent ra te  a l l  complex e l e c t r o n i c  equipment a t  t h e  c e n t r a l  
recording loca t ion .  For t h e s e  reasons,  it i s  d e s i r a b l e  t o  t r ansmi t  
s i g n a l s  from t h e  t es t  f a c i l i t i e s  t o  t h e  c e n t r a l  recording f a c i l i t y  a t  
vo l t age  l e v e l s  generated by t h e  t r ansduce r s  and do necessary  vo l t age  
ampl i f i ca t ion  a t  t h e  c e n t r a l  l oca t ion .  The problem of sending analog 
s i g n a l s  as low as 10 m i l l i v o l t s  f u l l  s c a l e  over long cable  d i s t a n c e s  
without loss of accuracy seems formidable.  However, p re l iminary  t e s t s  
on a l r e a d y  e x i s t i n g  te lephone cable  i n s t a l l a t i o n s  a t  t h i s  cen ter ,  t o -  
ge the r  with t h e  a v a i l a b i l i t y  of a m p l i f i e r s  having d i f f e r e n t i a l  input  
t e rmina l s  i s o l a t e d  from ground, i n d i c a t e d  t h i s  could b e  done. This  ap- 
proach of doing a l l  vo l t age  a m p l i f i c a t i o n  a t  t h e  c e n t r a l  l o c a t i o n  was 
c a r r i e d  out and proven t o  be  extremely successfu l .  A more complete d i s -  
cuss ion  of t h e  cab le  i n s t a l l a t i o n  i s  given i n  chapter  11. It should 
be  poin ted  out t h a t  t h e  a l t e r n a t i v e  approach of amplifying a s i g n a l  a t  
t h e  t e s t  f a c i l i t y  and sending it at a higher  vo l t age  l e v e l  t o  a remote 
recording l o c a t i o n  p r e s e n t s  problems t h a t  are not  a t  f i r s t  obvious. 
If t h i s  i s  done, t h e  a m p l i f i e r  output must be  i s o l a t e d  from ground or 
else  t h e  recording equipment input  t e rmina l s  must be  i s o l a t e d  from 
ground. I n  addi t ion ,  t h e  a m p l i f i e r  must b e  a b l e  t o  d r i v e  a c a p a c i t i v e  
load  without becoming uns tab le ,  a c a p a b i l i t y  t h a t  many commercially 
a v a i l a b l e  d-c a m p l i f i e r s  do not have. 

Seve ra l  methods were considered f o r  providing a d i g i t a l  record ing  
system having i n  excess of 100 channels.  One method i s  t o  provide an 
a m p l i f i e r  f o r  each channel  and e l e c t r o n i c a l l y  mul t ip l ex  t h e  a m p l i f i e r  
ou tputs  i n t o  an ana log - to -d ig i t a l  converter .  Thi’s i s  a p r a c t i c a l  
method; however, it r e s u l t s  i n  an extremely c o s t l y  and complex d a t a  



system i f  a l a r g e  number of channels are involved. Mult iplexing s i g n a l s  
at low vo l t age  l e v e l s  i n t o  a s i n g l e  a m p l i f i e r  o r  a s m a l l  number of ampli- 
f i e r s  r e s u l t s  i n  a more inexpensive and l e s s  complex system; however, 
t h e  problem of switching low vo l t ages  at high speed i s  a d i f f i c u l t  one. 
Mechanical switching devices  provide all t h e  accuracy necessary but  
present  problems i n  opera t ing  at  t h e  speeds required.  E lec t ron ic  
switching devices  f o r  switching s m a l l  vo l t ages  without in t roducing  no i se  
i n  excess of 10 microvol t s  were nonexis tent  a t  t h e  time t h i s  d a t a  system 
was being constructed,  a l though a t  t h e  present  t ime t r a n s i s t o r  switches 
appear t o  be approaching t h i s  requirement. This  problem was solved by 
us ing  a mechanical mu l t ip l exe r  c o n s i s t i n g  of a r o t a t i n g  magnet opera t ing  
switch capsules  loca t ed  around t h e  per iphery  of t h e  mul t ip lexer .  The 
mul t ip lexer  ope ra t e s  a t  a speed of 500 contac t  c losu res  per  second and 
i s  descr ibed  i n  chapter  IV. 

Considerable emphasis wzs a l s o  placed on complete i d e n t i f i c a t i o n  of 
d a t a  on t h e  recording t a p e  t o  f a c i l i t a t e  searching f o r  areas of i n t e r e s t  
when playing back d a t a  f o r  quick-look o r  computer entry.  

Two g e n e r a l  t ypes  of d i g i t a l  t a p e  format were considered be fo re  a 
dec i s ion  was made as t o  type of format t o  be  used. 
mation i n t o  a d i g i t a l  computer at high speed from magnetic tapes ,  t h e  
t a p e  handler must be stopped at r e g u l a r  i n t e r v a l s  t o  a l low t ime f o r  
computations t o  be  performed before  t h e  next block of information i s  
entered.  If information i s  recorded cont inuously on t h e  tape,  t h e  t a p e  
handler  must r eve r se  a shor t  d i s t a n c e  before  reading t h e  next block of 
information i n t o  t h e  computer t o  avoid skipping information when t h e  
-tape handler  i s  stopped and s t a r t e d .  
commonly used computer t a p e  format provides  gaps between blocks of i n fo r -  
mation t h e  computer can absorb a t  one t i m e .  
however, to r eco rd  data cont inuously on t ape  t o  preserve  t h e  c a p a b i l i t y  
of e a s i l y  r econs t ruc t ing  t h e  o r i g i n a l  analog data s i g n a l  i n t a c t  from 
t h e  d i g i t a l  data t a p e  for purposes of analog computation, quick-look, 
o r  analog p l o t t i n g .  

When en te r ing  i n f o r -  

To s impl i fy  computer e n t r y  a 

The dec i s ion  ms made, 

I n  any sampled d a t a  system, it i s  t r u e  t h a t  a phenomenon known as 
may occur i f  f requencies  ex i s t  i n  t h e  s i g n a l  t h a t  exceed h a l f  

t h e  sampling rate of t h e  d a t a  system. This  means t h a t  a f a l s e  frequency 
appears  i n  t h e  sampled d a t a  t h a t  d i d  not  e x i s t  i n  t h e  s igna l .  For ex- 
ample, a 60-cycle s igna l ,  sampled a t  59 cps,  would appear i n  t h e  sampled 
data as a 1-cps s i n e  wave having t h e  amplitude of t h e  t rue s igna l .  A 
s i g n a l  frequency an exac t  mu l t ip l e  of t h e  sampling frequency would appear 
i n  t h e  d a t a  as a d-c s igna l .  
p l ace  a low-pass f i l t e r  i n  s e r i e s  wi th  each input  l i n e  such t h a t  a l l  
s i g n a l  f requencies  h igher  t han  h a l f  t h e  sampling frequency are el iminated.  

A method of c o r r e c t i n g  t h i s  problem i s  t o  

While f i l t e r i n g  of i n d i v i d u a l  channels has  been done i n  some cases  
t o  e l imina te  troublesome high f requencies ,  f i l t e r s  were not  incorporated 
as an i n t e g r a l  p a r t  of t h i s  d a t a  system f o r  t h e  fol lowing reasons:  If 
t h e  wide f l e x i b i l i t y  of s a q l i n g  rates, which i s  a u s e f u l  f e a t u r e  of the 
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system, w a s  t o  be r e t a ined ,  t h e  number of f i l t e r s  requi red  would be l a r g e ,  
and t h e  methods of switching i n  t h e  proper  f i l t e r  t o  match t h e  sampling 
r a t e  would become complex. I n  add i t ion ,  removing t h e  h igher  f requencies  
by f i l t e r i n g  may remove u s e f u l  information from t h e  data. Although 
a l i a s i n g  has  not  presented  a se r ious  p r a c t i c a l  problem, it cannot be 
ignored, and s o l u t i o n s  t h a t  do not  involve removing information from t h e  
s i g n a l  are being inves t iga ted .  

EXPERIENCE AND USES OF SYSTEM 

The f irst  a p p l i c a t i o n  of t h e  c e n t r a l  t r a n s i e n t  d a t a  recording sys-  
t e m  was i n  processing t h e  data from t h e  f i r s t  Big Joe  P ro jec t  Mercury 
t e s t  i n  September 1959. The system w a s  not  intended f o r  processing d a t a  
of t h i s  type, and i t s  cons t ruc t ion  w a s  not complete a-t t h a t  time. How- 
ever, because of t h e  a v a i l a b i l i t y  and a p p l i c a b i l i t y  of t h e  equipment and 
high p r i o r i t y  of t h e  job, t h e  equipment w a s  used successfu l ly .  

Operation of t h e  data system as a c e n t r a l  record ing  system began i n  
March 1960. Approximately 1000 d a t a  readings w e r e  made i n  t h e  f irst  18 
months of operat ion.  Loss of d a t a  due t o  c e n t r a l  d a t a  equipment m a l -  
f unc t ions  has been l e s s  t han  l percent  i n  t h i s  per iod  of t i m e .  Records 
of unscheduled down t ime a r e  not ava i lab le ;  however, t h e  h i s t o r y  of t h e  
equipment has been ve ry  good i n  t h i s  r e spec t .  

Almost a l l  d a t a  processed through t h e  d a t a  system have r e s u l t e d  
f rom va r ious  types of rocket  tes ts .  Heat - t ransfer  t es t s  and rocket  
performance t es t s  make up t h e  bu lk  of t h e s e .  The s h o r t  d u r a t i o n  of 
t h e s e  t es t s  makes t h e  u s e  of t r a n s i e n t - t y p e  record ing  equipment 
mandatory. I n  order  t o  e x t r a c t  t h e  most d a t a  wi th  a minimum of 
t e s t i n g ,  automatic  programming of t h e  rocket  through two o r  more modes 
of opera t ion  i s  o f t e n  c a r r i e d  out dur ing  a s i n g l e  rocke t  run. When a 
f a c i l i t y  r eques t s  it, on- l ine  computation i s  performed us ing  t h e  analog 
recording equipment and an  analog computer and i s  made a v a i l a b l e  t o  t h e  
t e s t  engineer immediately a f t e r  each t e s t  run i n  order  t h a t  a rough 
check may be made of r e s u l t s  as t h e  t e s t  proceeds.  More accu ra t e  and 
d e t a i l e d  d i g i - t a l  computations a r e  performed on d a t a  recorded on t h e  
d i g i t a l  recording system and a r e  made a v a i l a b l e  a t  a l a t e r  t ime. In  
some cases  where a continuous analog computation made over a complete 
run i s  more u s e f u l  t han  a d i g i t a l  t a b u l a t i o n  of computed r e s u l t s ,  t h e  
da t a  have been processed by recording on t h e  d i g i t a l  system and then  
playing t h i s  information back through t h e  analog computer. 

A t  t h e  present  t i m e  thought i s  being given t o  modify t h e  d i g i t a l  
sys-tern i n  two a reas .  The d i f f e r e n t i a l  input  a m p l i f i e r s  p r e s e n t l y  being 
used i n  t h i s  system a r e  t h e  l a r g e s t  source of system e r r o r  and w i l l  be 
rep laced  soon by a m p l i f i e r s  of more advanced design. The mechanical 
mul-t iplexer has performed we l l  i n  t h e  system from t h e  s tandpoint  of not 
degrading t h e  accuracy of t h e  system; however, pe r iod ic  maintenance i s  
requi red  t o  l o c a t e  and c o r r e c t  switch capsule  f a i l u r e s .  T rans i s to r i zed  
low-voltage mul t ip l exe r s  a r e  being inves t iga t ed  a t  t h e  present  time. 
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A t  t h i s  writing, s i x  f a c i l i t i e s  a r e  connected t o  t h e  cen t r a l  system 
at t h e  Lewis Research Center. A remote recording system, t h e  same type 
as t h e  one a t  Lewis, i s  located a t  t h e  Plum Brook rocket t e s t  s i t e  near 
Sandusky, Ohio. 
puting equipment and records data from a t  l e a s t  e ight  other  f a c i l i t i e s .  

This system uses t h e  L e w i s  playback ed i t ing  and com- 

REFERENCE 

1. Staf f  of t h e  Lewis Laboratory: Central  Automatic Data Processing 
System. NACA TN 4212, 1958. 
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TRANSMISSION OF LOW-LEVEL VOLTAGE OVER 

LONG TELEPHONE CABLES 

By Richard L. Smith 

The problems encountered i n  t ransmi t - t ing  low-level t ransducer  
s i g n a l s  over long l eng ths  of te lephone cable  - as i n  t h e  case  of t h e  
i n s t a l l a t i o n  descr ibed  herein,  l engths  up t o  7000 f e e t  - may be d iv ided  
i n t o  two gene ra l  c l a s s i f i c a t i o n s .  One of t h e s e  problems i s  t h e  e f f e c t  
on t h e  s i g n a l  of t h e  e l e c t r i c a l  c h a r a c t e r i s t i c s  of t h e  cable  i t s e l f ,  and 
-the o the r  i s  t h e  a d d i t i o n  of extraneous e l e c t r i c a l  no ise  t o  t h e  s igna l .  

The f i r s t  of t h e s e  problems has nothing t o  do wi th  t h e  f a c t  t h a t  
-the s i g n a l  i s  being t r ansmi t t ed  a t  low vo l t age  l eve l s ,  s i n c e  a n  equal  
percen-tage of d i s t o r t i o n  of t h e  s i g n a l  would r e s u l t  i f  it were t r a n s -  
mi t t ed  a f t e r  ampl i f ica t ion ,  assuming t h e  a m p l i f i e r  t o  have t h e  same out-  
put  impedance as t h e  t ransducer .  A t  low frequencies ,  t h e  only  e f f e c t  of 
t h e  cab le  i s  t h a t  of i t s  r e s i s t ance .  The r e s i s t a n c e  of 7000 f e e t  of 
No. 1 9  wire  i s  56  ohms, s o  t h a t  t h e  t o t a l  loop r e s i s t a n c e  of t h e  cab le  
i s  1 1 2  olms, r e s u l t i n g  i n  a n  a t t e n u a t i o n  of t h e  s i g n a l  of about 0.11 
percen-t 0-C t h e  s i g n a l  when us ing  a m p l i f i e r s  having a 100,000-ohm input  
impedance a t  t h e  c e n t r a l  l oca t ion .  

A more s e r i o u s  problem i s  t h a t  of d i s t o r t i o n  OP high-frequency 
s i g n a l s  due t o  d i s t r i b u t e d  capac i ty  and inductance i n  t h e  cable.  
11-1 shows t h e  a t t e n u a t i o n  and phase s h i f t  c h a r a c t e r i s t i c s  of 10,000 
f e e t  of t h e  s p e c i a l l y  sh i e lded  cable  used i n  t h i s  i n s t a l l a t i o n  without 
loading o r  equa l i za t ion  t o  c o r r e c t  f o r  cab le  parameters. The measure- 
ment s were made wi th  t h e  cab le  te rmina ted  i n  100,000 ohms and an  assumed 
zero impedance vol tage  source. These r e s u l t s  apply when us ing  a vol tage  
source having a very  low i n t e r n a l  impedance. 
some i n t e r n a l  r e s i s t a n c e ,  t h e  inpu t  impedance of t h e  cable  has  a n  e f f e c t  
on t h e  frequency response curve a t  h igher  f requencies .  F igure  11-2 shows 
input  impedance of 7000 f e e t  of cab le  p l o t t e d  a g a i n s t  frequency. This  
impedance i s  l a r g e l y  c a p a c i t i v e  reactance.  Since t h i s  impedance drops 
off a t  high f requencies ,  t h e  l a r g e r  c u r r e n t s  drawn from t h e  t ransducer  a t  
t h e s e  f requencies  cause a vo l t age  drop i n  t h e  i n t e r n a l  impedance of t h e  
t ransducer .  The e f f e c t  of t h i s  i s  shown i n  f i g u r e  11-3, which i s  a p l o t  
of a g a i n s t  frequency f o r  va r ious  va lues  of i n t e r n a l  genera tor  

r e s i s t a n c e ,  where E i n  i s  t h e  i n t e r n a l  vo l tage  of a genera tor  a t t ached  
t o  a 7000-foot-long cable  and 
pu t  OP t h e  cable.  
r e s i s t a n c e s  higher  t han  100 ohms might r e q u i r e  t h e  use of an  a m p l i f i e r  
havin;; a low output  impedance i f  f requencies  up to 10 k i l o c y c l e s  were t o  
be recorded. Since t h e  na ture  of t h e  t e s t i n g  done a t  t h e  f a c i l i t i e s  
us ing  t h i s  d a t a  system has  not  r equ i r ed  t h e  a n a l y s i s  of s i g n a l s  having 

Figure  

If t h e  vol tage  source has  

E o u t  i s  t h e  vol tage  appearing a t  t h e  out- 
A s  t h e s e  curves i n d i c a t e ,  a t ransducer  having i n t e r n a l  
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high-frequency components, t h e r e  has  been no need t o  use ampl i f i e r s  t o  
ga in  a b e t t e r  frequency response. 

One source of e l e c t r i c a l  no i se  i n  a d a t a  system i s  no i se  introduced 
between -the t ransducer  and t h e  recording instrument because of extraneous 
e l e c t r o s t a t i c  or electromagnet ic  pickup i n  t h e  connecting cable ,  When 
low-impedance t r ansduce r s  of t h e  order  of a few hundred ohms are used 
as vo l t age  sources,  t h e  e f f e c t  of e l e c t r o s t a t i c  no i se  i s  u s u a l l y  neg l i -  
g ib l e ,  except f o r  no i se  occurr ing a t  f requencies  high enough that it can 
be e a s i l y  f i l t e r e d  without des t roying  t h e  cha rac t e r  of t h e  s igna l .  

Electromagnetic no i se  pickup i s  a more common problem and u s u a l l y  
appears  as s i g n a l s  of 60, 120, o r  180 cps, r e s u l t i n g  from t h e  d a t a  cab le  
being placed i n  a magnetic f i e l d  c rea t ed  by wires o r  equipment car ry in?  
heavy c u r r e n t s  a t  power frequencies .  
t h e s e  frequencies ,  t h e  problem cannot be solved by f i l t e r i n g .  Noise of 
t h i s  t ype  can be minimized by us ing  twis ted-pa i r  cab le  conductors, by 
sh ie ld ing  t h e  cable  wi th  a magnetic mater ia l ,  and by rout ing  t h e  cable  
so t h a t  it i s  not i n  c l o s e  proximity to .power cables  o r  equipment. All 
t h r e e  of t h e s e  methods were used i n  t h e  c e n t r a l  d a t a  i n s t a l l a t i o n  des- 
c r ibed  herein.  The cab le  used was made t o  order  f o r  t h i s  i n s t a l l a t i o n  
wi th  both  e l e c t r o s t a t i c  and electromagnet ic  sh ie ld ing .  A c ros s  sec t ion  
of t h e  cable  i s  shown i n  f i g u r e  11-4. The cable  w a s  i n s t a l l e d  under- 
ground where poss ib l e  t o  provide a d d i t i o n a l  sh ie ld ing .  
ments on a 5000-foot l e n g t h  of i n s t a l l e d  cable  ind ica t ed  t h a t  t h e  noise  
l e v e l  on t h e  cable  was less  than  5 microvol ts  peak t o  peak, which w a s  
t h e  smal les t  amount t h a t  could be de t ec t ed  with t h e  a m p l i f i e r s  ava i l ab le .  

Since t h e  d a t a  s i g n a l s  a l s o  conta in  

Noise measure- 

Measurements of c r o s s  t a l k  between ad jacent  cable  p a i r s  i n  7000 f e e t  
of cab le  show l e s s  t han  0.024 percent  c r o s s  t a l k  a t  f requencies  up t o  
10 k i l o c y c l e s  when t r ansduce r s  are f l o a t i n g  wi th  r e spec t  t o  bu i ld ing  
ground and i s o l a t e d  from each o the r  e l e c t r i c a l l y .  When a t ransducer  t h a t  
i s  genera t ing  a c r o s s - t a l k  vol tage  i s  connected t o  bu i ld ing  ground, how- 
ever,  i3 t ransducer  that has  an  impedance unbalance t o  bu i ld ing  ground may 
r ece ive  a n  apprec iab le  amount of c ros s - t a lk  vol tage,  as shown i n  f i g u r e  
11-5. This  has  not  been a p r a c t i c a l  problem i n  t h e  use of t h i s  data sys- 
tem s ince  t ransducers  i n  use here ,  of t h e  types  capable of genera t ing  
f requencies  h igh  enough t o  c r e a t e  c r o s s - t a l k  problems, namely s t ra in-gage  
types,  do not  need t o  be ground referenced.  

' 

A second type of no ise  i s  introduced by so-ca l led  common-mode 
s igna l s .  This  problem arises when t h e  t ransducer  i s  not  i s o l a t e d  e lec-  
t r i c a l l y  from bu i ld ing  ground. If t h e  t ransducer  i s  ground referenced, 
obviously t h e  ampl i f i e r  input  t e rmina l s  must bo th  be i s o l a t e d  from 
ground.; otherwise,  any s m a l l  vo l t age  d i f f e rences  between t h e  two ground 
p o i n t s  appear ac ross  t h e  a m p l i f i e r  input te rmina ls .  Even when assuming 
t h a t  t h e  a m p l i f i e r  te rmina ls  a r e  p e r f e c t l y  i s o l a t e d  from ground, however, 
connecting a long te lephone cable  t o  a grounded t ransducer  may in t roduce  
e l e c t r i c a l  noise .  A t r a n s -  
ducer, represented  by vo l t age  ET and i n t e r n a l  r e s i s t a n c e  %, i s  

The reason f o r  t h i s  i s  shown i n  f i g u r e  11-6. 
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grounded and connected a c r o s s  a cable  input  p a i r .  These wires will each 
have a l a r g e  capac i ty  t o  t h e  cable  s h i e l d  represented  by C1 and C2. 
Any d i f f e r e n c e  i n  p o t e n t i a l  EC between cable  s h i e l d  and t ransducer  
ground w i l l  cause c u r r e n t s  I1 and I2 t o  f low through C1 and C2, 
r e spec t ive ly .  The va lue  I1F$ represen t s  a noise  vol tage  t h a t  appears  
ac ross  t h e  a m p l i f i e r  input  t e rmina l s  r ega rd le s s  of how w e l l  t h e y  a r e  
i s o l a t e d  from ground. If C i s  0.1 microfarad, % i s  500 ohms, and 
EC i s  a 60-cycle s igna l ,  Ecj50 w i l l  appear  as no i se  ac ross  € 3 ~ .  I n  
o the r  words, a data system t h a t  i s  s e n s i t i v e  t o  a 10-microvolt s i g n a l  
w i l l  d e t e c t  a 500-microvolt p o t e n t i a l  between s h i e l d  and t ransducer  
ground i n  t h e  conf igura t ion  descr ibed.  This  e f f e c t  can be n u l l i f i e d  by 
i n s e r t i n g  a r e s i s t o r  equal  t o  
t o  t h e  cable  terminat ion;  however, t h i s  s o l u t i o n  i s  r a t h e r  t ed ious  i f  
l a r g e  numbers of t r ansduce r s  are involved. The b e s t  so lu t ion  i s  t o  con- 
t i n u e  t h e  cable  s h i e l d  as c l o s e  t o  t h e  t ransducer  as p o s s i b l e  and make 
i t s  ground po in t  as near  as p o s s i b l e  t o  t h e  t ransducer  ground. Since 
t h e  d a t a  cab le  i s  shared by s e v e r a l  f a c i l i - t i e s ,  t h e  data cable  sh ie ld  i s  
not connected t o  any ground except during t h e  t ime d a t a  are being 
recorded. A t  t h i s  time a r e l a y  contac t  connects t h e  cable  s h i e l d  t o  t h e  
t ransducer  ground of t h e  f a c i l i t y  t h a t  i s  recording data. Measurements 
of noise,  even with proper  grounding precaut ions  taken  i n  t h e  data system,, 
caused by t h i s  cab le  capac i ty  e f f e c t  have been as high as 50 microvol t s  
peak t o  peak with a t ransducer  unbalance t o  ground of 1000 ohms. 

% i n  s e r i e s  with t h e  o the r  connection 
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Figure 11-4. - Shielded cable cross section. 
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CHAPTER I11 

DIGITAL SYSTEM 

By Charles W. Mealey, Jr., and L e s l i e  G. Kee 

DIGITAL RECORDING SYSTEM 

Block Diagram 

The prime func t ion  of t h e  d i g i t a l  recording system i s  t o  accept  
t r ansduce r - l eve l  analog vo l t ages  from any one of s e v e r a l  renote  t e s t  
f a c i l i t i e s ,  amplify and convert  t h e  analog s i g n a l s  t o  a b ina ry  d i g i t a l  
form, and then  record t h e  digi’cal information on magnetic t a p e  f o r  con- 
venient  e n t r y  i n t o  a d i g i t a l  computer. The input  s i g n a l s  t o  be recorded 
are t r ansmi t t ed  a t  low vo l t age  l e v e l s  by s p e c i a l l y  sh i e lded  cable,  de- 
s c r ibed  i n  chapter  11, from t h e  t e s t  f a c i l i t y  t o  t h e  c e n t r a l  recording 
system. The two b a s i c  sampling r a t e s  of t h e  system a r e  4000 and 1000 
pe r  second. The system can handle 1, 2, 3, 4, 5, 6, 7, 8, 32, 64, and 
1 2 8  inputs .  The sampling rate p e r  input  i s  equal  t o  t h e  b a s i c  sampling 
r a t e  d iv ided  by t h e  number of inputs .  The input  vo l t age  ranges a r e  10, 
20, 50, 100, 200, and 400 m i l l i v o l t s  f u l l  scale .  

F igure  111-1 i s  a b lock  diagram of t h e  d i g i t a l  recording system, 
which i s  made up of t h e  fol lowing un i t s :  

(1) An input  plugboard on which a r e  te rmina ted  va r ious  s i g n a l  and 
c o n t r o l  c i r c u i t s  for s e l e c t i o n  by an opera tor  

( 2 )  A mechanical premult iplexer ,  which makes 128 s i g n a l  i npu t s  
a v a i l a b l e  e igh t  a t  a time t o  t h e  recording system 

(3) Eight input  ampl i f i e r s ,  which r a i s e  t h e  s i g n a l  l e v e l  f o r  
s t  orage 

( 4 )  Eight analog s to rage  u n i t s ,  which s t o r e  t h e  e igh t  s igna l s ,  and 
a main mul t ip lexer ,  which t ime-shares  t h e  s to rage  u n i t  outputs  
i n t o  t h e  ana log - to -d ig i t a l  conver te r  

(5)  An ana log - to -d ig i t a l  converter ,  which genera tes  a d i g i t a l  
r ep resen ta t ion  of t h e  analog input  s i g n a l  

( 6 )  An a n c i l l a r y  code generator ,  which genera tes  codes iden-t i fying 
t h e  recorded d a t a  

( 7 )  Writing e l ec t ron ic s ,  which assembles data and coding i n  a 
recording format 
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(8) A d i g i t a l  magnetic-tape handler f o r  recording t h e  da t a  

( 9 )  A recording monitor, which i s  used t o  monitor recordings i n  
progress  and provide equipment checks 

(10) Master programming and control ,  which i s  used t o  c o n t r o l  
and synchronize t h e  e n t i r e  recording process 

Each u n i t  of t h e  d i g i t a l  recording system i s  discussed i n  detail  i n  t h e  
following s e c t  ions.  

Input Plugboard 

A 1632 contac t  plugboard provides a quick means of changing s i g n a l  
paths,  equipment programming, and system cont ro l .  Mul t ip le  terminat  ions  
on t h e  plugboard a l low a high degree of f l e x i b i l i t y  i n  t h e  use  of t h e  
s igna ls .  For example, t h e  ampl i f i e r  ou tputs  a r e  terminated i n  t r i p l i -  
ca te .  One output normally suppl ies  t h e  main mult iplexer;  another  i s  
used f o r  osc i l loscope  observat ions.  
t o  supply t h e  analog recording system with high-level  s igna ls .  Where 
both  input  and output of a device a r e  terminated, spare  u n i t s  may be 
e a s i l y  s u b s t i t u t e d  by replugging t h e  board i n  case  of f a i l u r e .  

The remaining output has been used 

A sepa ra t e  plugboard i s  provided f o r  each f a c i l i t y  or t e s t  a rea .  
Thus, rep lac ing  one plugboard with another  can r a p i d l y  change s i g n a l  
routes ,  f a c i l i t y  connections, coding, and programming. An Fmportant 
a d d i t i o n a l  f e a t u r e  of t h e  plugboard i s  t h e  provis ion  for connections 
between t h e  analog and d i g i t a l  systems. 

Premult i p l e x e r  

The term mult iplexer ,  as used i n  t h i s  repor t ,  implies  a device 
used t o  switch a l a r g e  number of input c i r c u i t s  i n t o  a smaller  number 
of output c i r c u i t s  on a time-sharing bas i s .  The use  of a low-voltage- 
l e v e l  mechanical mul t ip lexer  a t  t h i s  po in t  i n  t h e  system i s  advantageous 
t o  reduce complexity of t h e  system, t h e  a l t e r n a t i v e  being t o  use  an  
ampl i f i e r  i n  each channel and mul t ip lex  a t  high vol tage  l e v e l s  at t h e  
amp1l.f i e r  outputs .  

The premult iplexer  switches 128  two-wire c i r c u i t s  t o  e ight  two-wire 
c i r c u i t s ,  sequent ia l ly .  Figure 111-2 shows t h e  switching c i r c u i t  con- 
f i g u r a t i o n .  
ous c losu re  of switches 0-7, 8-15, 16-23, and so fo r th .  This  mult iplexing 
i s  accomplished by r o t a t i n g  magnetic po les  opera t ing  t h e  switches. 
F igure  111-3 i l l u s t r a t e s  t h e  arrangement of t h e  magnetic s t r u c t u r e  and 
switch pos i t i ons .  The switch capsules  a r e  a t t ached  t o  t h e  mul t ip lexer  

The switching sequence fol lows a p a t t e r n  of t h e  simultane- 
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housing and t h u s  are s t a t iona ry .  
a magnetic material and moves toward t h e  c l o s e r  f i e l d  pole  as bo th  of 
t h e  magnets r o t a t e  toge ther ,  t hus  t h e  switch ac t ion .  

The armature of t h e  switch capsule  i s  

The switching per iod  of 2 mi l l i seconds  i s  a func t ion  of t h e  s i z e  of 
t h e  s l o t  and pos t  conf igu ra t ion  of t h e  magnets and t h e  r o t a t i o n  speed of 
t h e  magnets. The switch opera t ing  time v a r i e s  between 100 and 200 micro- 
seconds. I n  addi t ion ,  t h e  switch per iod  j i t t e r s  or vari'es about 150 
microseconds i n  t ime 'wi th  r e spec t  t o  t h e  d r i v e  motor l i n e  frequency. 
Any group of e igh t  switches i s  c losed  s imultaneously a t  least  1.6 m i l l i -  
seconds, which i s  s u f f i c i e n t  t ime f o r  t h e  a m p l i f i e r s  and main mul t i -  
p l exe r  t o  make an  accu ra t e  sample of t h e  da t a .  
motor opera tes  on 500 cyc le s .de r ived  from t h e  clock pulses ,  generated by 
a c r y s t a l - c o n t r o l l e d  o s c i l l a t o r .  

The synchronous d r i v e  

Ind iv idua l  switches are he rme t i ca l ly  sea l ed  and are e a s i l y  rep lace-  
ab le .  There i s  v i r t u a l l y  no contac t  bounce as a r e s u l t  of o i l  damping. 
The e l ec t r i ca l  no i se  introduced by t h e  switches i s  n e g l i g i b l e  because Of 
symmetrical lead wir ing and c i r c u i t  conf igura t ion .  The contac t  resist-  
ance of each switch i s  about 0.5 ohm. Consecutively operated switch 
con tac t s  are nonbridging. 

An important a d d i t i o n a l  f e a t u r e  of t h e  premul t ip lexer  i s  a set  of 
t iming s igna l s .  These s i g n a l s  are generated,  as i l l u s t r a t e d  i n  f i g u r e  
111-3, i n  a d j u s t a b l e  pickup c o i l s  by  f r i n g i n g  f lux a t  s c r a t c h  marks on 
t h e  per iphery  of t h e  o u t e r  magnet. 
would be t o  c o n t r o l  t h e  readout  of t h e  premul t ip lexer .  Because of t h e  
j i t t e r  and p o s s i b l e  d r i f t  of t h e  motor d r iv ing  t h e  mul t ip lexer ,  t h i s  
use of t h e  t iming s i g n a l s  would r e s u l t  i n  i r r e g u l a r  spacing i n  t ime of 
t h e  data samples. 
on tape,  another  method was chosen. I n  t h i s  system, t h e  premul t ip lexer  
i s  read  out a t  p r e c i s e  i n t e r v a l s  c o n t r o l l e d  by clock pu l ses  from a 
c r y s t a l - c o n t r o l l e d  o s c i l l a t o r .  The t iming s i g n a l s  a r e  used, however, 
f o r  checking synchronizat ion of t h e  premul t ip lexer  wi th  o the r  system 
u n i t s .  
an  i n s e t  showing a s i n g l e  switch capsule .  

One use  of t h e s e  t iming s i g n a l s  

To preserve  t h e  exact  t ime r e l a t i o n  of events  recorded 

Figure  111-4 i s  a photograph of t h e  complete premul t ip lexer  wi th  

Input  Amplif iers  

The commercially a v a i l a b l e  a m p l i f i e r s  i n  t h i s  system have f u l l -  
s c a l e  input  l e v e l  s t e p s  of tl0, +20, +50, +loo, +200, and +400 m i l l i v o l t s  
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at an input  impedance of 100,000 ohms. The f u l l - s c a l e  output l e v e l  i s  
+lo v o l t s ,  capable  of d e l i v e r i n g  20 mil l iamperes  t o  a load. The ga in  
e r r o r  i s  less than  0 .1  percent  of f u l l  sca le ,  and t h e  ga in  i s  s t a b l e  t o  
2 microvol ts ,  r e f e r r e d  t o  t h e  input,  i n  40 hours. With shor ted  input  
t h e  noise  i s  l e s s  t han  5 microvol t s  r m s ,  r e f e r r e d  t o  t h e  input .  The 
a m p l i f i e r  frequency response i s  from d.c. t o  3 k i l o c y c l e s  (-3 db a t  
3 k c ) .  
be wi th in  0 .1  percent  of t h e  new l e v e l .  Overload p ro tec t ion  i s  incorpo- 
r a t e d  such t h a t  f10 v o l t s  input  causes no more than  +15 v o l t s  output 
wi th  a recovery time less than  500 microseconds. Also, c i r c u i t  f a i l u r e  
i n  t h e  a m p l i f i e r s  w i l l  cause no g r e a t e r  t han  a 20-volt output.  
a m p l i f i e r s  a r e  of t h e  d i f f e r e n t i a l  input  type and have a common mode re- 
j e c t i o n  g r e a t e r  t han  lo6 at 60 cps wi th  1000-ohm unbalance. This  l a t t e r  
c h a r a c t e r i s t i c  i s  of cons iderable  importance i n  t h i s  system. 

Response time t o  an input  s t e p  func t ion  i s  500 microseconds t o  

The 

Since t h e  s i g n a l  t r ansduce r  i s  d i s t a n t  from t h e  ampl i f ie r ,  a d i f -  
f e r ence  of p o t e n t i a l  e x i s t s  between t h e  a m p l i f i e r  ground r e fe rence  and 
t h e  t ransducer  ground re ference .  U s e  of a single-ended a m p l i f i e r  would 
r e s u l t  i n  an  output vo l t age  p ropor t iona l  t o  t h e  sum of t h e  t ransducer  
vol tage  and t h e  ground d i f f e r e n c e  vol tage .  Thus, a d i f f e r e n t i a l  ampli- 
f i e r  t h a t  ampl i f i e s  on ly  t h e  d i f f e r e n c e  of vo l t age  between i t s  inpu t s  i s  
necessary  t o  r e j e c t  t h e  common input  vol tage.  
t r a t e s  a t y p i c a l  a p p l i c a t i o n  of a d i f f e r e n t i a l  ampl i f i e r .  

F igure  I I I - 5 ( a )  i l l u s -  

The term common mode r e j e c t i o n  can be def ined  as a measure of insen-  
s i t i v i t y  of t h e  a m p l i f i e r  t o  s i g n a l s  common t o  t h e  two input  te rmina ls ,  
termed common mode s igna l s .  The common mode r e j e c t i o n  can be c a l c u l a t e d  
as t h e  r a t i o  of t h e  d i f f e r e n t i a l  s i g n a l  ga in  of t h e  a m p l i f i e r s  t o  t h e  
common mode s i g n a l  gain.  Measurement of t h e  common mode s i g n a l  ga in  can 
be made using t h e  c i r c u i t  of f i g u r e  I I I - 5 ( b ) .  An unbalance of 1000 ohms 
i s  i n s e r t e d  t o  s imula te  the  worst possible situation if t r ansduce r s  
having up t o  1000-ohm output impedance are i n  use.  To r e j e c t  a common 
mode s i g n a l  of t h i s  sort ,  t h e  a m p l i f i e r  input  t e rmina l s  must not merely 
have balanced i n t e r n a l  impedances t o  a m p l i f i e r  ground, bu t  must have 
extremely high impedances t o  ground. 

F igure  111-5(c) i n d i c a t e s  t h e  method used i n  t h i s  system a m p l i f i e r  
t o  achieve  good common mode r e j e c t i o n .  
and a modulator are enclosed i n  a s h i e l d  dr iven  a t  t h e  common mode s i g n a l  
l e v e l .  
l a rge ;  but ,  s i n c e  t h e  s h i e l d  i s  dr iven  at common mode p o t e n t i a l ,  t h e  
e f f e c t i v e  capac i ty  of input  t e rmina l s  t o  ground becomes ve ry  s m a l l .  
D.c. i s o l a t i o n  i s  achieved through t h e  use  of t ransformer  coupling be- 
tween t h e  amplif ier-modulator and t h e  demodulator. 

Here a single-ended a m p l i f i e r  

The phys ica l  capac i ty  between input  wir ing and s h i e l d  i s  r a t h e r  
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Storage and Main Mult iplexer  

The s to rage  and main mul t ip lexer  u n i t  s t o r e s  s imultaneously t h e  
e igh t  analog outputs  of t h e  a m p l i f i e r s  and p resen t s  them one a t  a t i m e  
t o  t h e  ana log - to -d ig i t a l  conver te r  input .  The simultaneous s to rage  re- 
s u l t s  i n  a time c o r r e l a t i o n  of t h e  e i g h t  s to rage  c i r c u i t s  t o  one output  
c i r c u i t  on a t ime-sharing b a s i s  similar t o  t h a t  of t h e  premult iplexer .  

Refer r ing  t o  f i g u r e  111-6, t h e  opera t ion  of a s i n g l e  u n i t  i s  as 
fo l lows  : 

(1) Switches S2 and S3 close,  completing loop 2. This  a l lows 
capac i to r  C t o  s t o r e  a charge p ropor t iona l  t o  t h e  input vol tage.  

( 2 )  Switches S2 and S3 open s imultaneously with t h e  c los ing  of 
switch S1. This  prevents  a m p l i f i e r  A from sa tu ra t ing ,  keeping t h e  

summing poin t  C a t  o v o l t .  

(3) Switch S3 i s  then  closed, connecting t h e  cathode fo l lower  t o  
t h e  output,  making t h e  vo l t age  on C a v a i l a b l e  t o  t h e  conver te r .  

Analog-to-Digital  Converter 

The converter ,  a commercially a v a i l a b l e  un i t ,  i s  an 11-bit (b ina ry  
d i g i t )  b i n a r y  u n i t  w i th  a +lO-volt  input  represented  by a t o t a l  decimal 
count of 2047. The conversion i s  made by approximating t h e  input  by  
success ive  comparisons i n  t h e  sequence 1/2, 1/4, 1/8, and so f o r t h ,  
f u l l - s c a l e  values .  I n  o rde r  that s i g n a l s  of bo th  p o l a r i t i e s  can be con- 
v e r t e d  e a s i l y ,  t h e  t l 0 - v o l t  input  s i g n a l s  are ampl i f i ed  and r e re fe renced  
wi th  -the l i n e a r  correspondence of -10 t o  0 v o l t  and $10 t o  +ZOO v o l t s .  
In  t h e  example shown i n  f i g u r e  111-7, an  input  vo l t age  of +4.300 v o l t s  
corresponds t o  +143.00 v o l t s .  A series of 11 e l e c t r o n i c  switches oper- 
a t e d  by f l i p - f l o p s  supply vo l t ages  f o r  comparison wi th  t h e  re referenced  
inputs .  
sum of t h e i r  vo l t ages  i s  less than  t h e  input  and are tu rned  o f f  if  o the r -  
wise. Af t e r  t h e  las t  comparison i s  made, t h e  condi t ion  of t h e  f l i p -  
f l o p s  r ep resen t s  t h e  input  i n  d i g i t a l  form. 
i n  22 microseconds. 

The switches are tu rned  on one a t  a t ime and remain on i f  t h e  

A s i n g l e  conversion i s  made 

A t  low speed t h e  u n i t  i s  cycled a t  1000 conversions pe r  second and 
at high speed a t  4000 pe r  second. The high-speed cyc l ing  ra te  i s  
l i m i t e d  by tape-handler  speed and l o n g i t u d i n a l  packing d e n s i t y  on t h e  
tape .  
s i g n i f i c a n t  b i t .  The output c o n s i s t s  of 11 l i n e s  energized a t  one of 
two vo l t age  l e v e l s  r ep resen t ing  l o g i c a l  "1's" o r  . "Of s". These d i g i t a l  
l i n e s  t r ansmi t  information t o  a s e r i e s  of ga t e s  i n  t h e  w r i t e  c i r c u i t s .  

The conversion i s  accu ra t e  t o  wi th in  0.05 percent  f1/2 t h e  l e a s t  
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Tape Format 

The data are recorded on s tandard  1/2-inch Mylar-base magnetic t ape .  
A modi f ied-sa tura t ion  nonreturn t o  zero  recording i s  used i n  which a 
b ina ry  "1" i s  i n d i c a t e d  by a change of flux from one s a t u r a t i o n  level t o  
t h e  o t h e r ,  and a b ina ry  "0" causes no change i n  t h e  p o l a r i t y  of magnetic 
s a t u r a t i o n  of t h e  t ape .  Eight  t r a c k s  a r e  used t o  record  t h e  data wi th  a 
packing dens i ty  of 200 b i t s  pe r  i nch  p e r  t r a c k .  

The b i t  s t r u c t u r e  of t h e  recording i s  shown i n  f i g u r e  111-9. A 
t r a n s v e r s e  l i n e  of b i t s ,  one b i t  i n  each t r a c k ,  i s  def ined  as a frame. 
Three frames are needed t o  descr ibe  one word of data completely.  The 
b ina ry  data b i t s  are recorded i n  t h e  p o s i t i o n  ind ica t ed  by t h e  Arabic 
numerals one (1) t o  t e n  (10) and t h e  S p o s i t i o n .  The numeral one (1) 
i s  t h e  h ighes t  o rder  data b i t ,  t h e  numeral t e n  (10) t h e  lowest order  
data b i t ;  and t h e  s p o s i t i o n  i n d i c a t e s  t h e  s i g n  of data. The seven 
Roman numerals i n d i c a t e  t h e  p o s i t i o n  of t h e  word number b i t s  wi th  one 
( I )  being t h e  h ighes t  o rder  b i t  and seven (VII) t h e  lowest order  b i t .  
frame p a r i t y  check b i t  i s  recorded i n  t r a c k  7 so  that t h e  S L ~  of 
i n  t r a c k s  1 t o  7 i s  always an  odd number. 
t h e  f i r s t  s ix  t r a c k s  i s  an  odd number, a "0" i s  recorded i n  t r a c k  7 .  

A 
"l1s1' 

Thus, i f  t h e  sum of ''1'~~~ i n  

Anc i l l a ry  Coding 

Anc i l l a ry  coding i s  recorded i n  a s e r i a l  form i n  t r a c k  8. F igure  
111-10 shows t h e  grouping and pulse  p o s i t i o n  p a t t e r n  of t h i s  information.  
F i r s t ,  n o t i c e  t h a t  t h i s  information i s  recorded a t  an  "every o the r  frame" 
rate. The except ion i s  t h e  pulses  t h a t  are recorded i n  frames 1 and 2 .  
These two pulses  thus  serve t o  i d e n t i f y  t h e  beginning of t h e  recording 
of a block of information. 

The next 1 7  pu lses ,  t h e  f i r s t  being loca ted  i n  frame 4 and t h e  
seventeenth loca ted  i n  frame 36, are a b ina ry  recording of block number. 
A pulse  i n  i t s  frame l o c a t i o n  i n d i c a t e s  a b ina ry  "1," and t h e  absence of 
a pu l se  i n d i c a t e s  a b ina ry  "0." 
o r  1 2 8  data words. Each block of data is  numbered i n  sequence s t a r t i n g  
wi th  one from t h e  beginning of a r e e l  of magnetic t ape .  
number t h a t  i nd ica t e s  real  da t a  t i m e  during t h e  recording o f  a n  event .  
The b lock  number i s  used i n  e d i t i n g  t o  i d e n t i f y  t h e  areas of i n t e r e s t  t o  
be computed. 
h ighes t  o rder  block number b i t ,  whi le  b i t  ( 1 7 )  i s  t h e  lowest  order  b i t .  

A b lock  of data i s  a grouping of 32,  64, 

It i s  this  

B i t  (1) of t h e  block number loca t ed  i n  frame 4 i s  t h e  

The next  1 2  pulses  l o c a t e d  i n  frames 38 t o  60 i n d i c a t e  reading 
A reading of data c o n s i s t s  of any number i n  a b ina ry  decimal code. 

nuniber of blocks of data needed t o  record  a data event from one f a c i l i t y .  
Thus, a reading i s  bounded a t  t h e  beginning by t h e  start  of recording 
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from a f a c i l i t y  and a t  t h e  end by t h e  s topping of t h e  record  equipment 
a f t e r  t h e  da t a  event .  

A b ina ry  code of f ive  b i t s  i s  recorded i n  frames 62 t o  70 which 
i d e n t i f i e s  t h e  f a c i l i t y  from which t h e  da ta  are being taken .  This g ives  
an i d e n t i f i a b l e  capac i ty  of 31 d i f f e r e n t  f a c i l i t i e s .  

Computer program i d e n t i f i c a t i o n  information i s  recorded i n  b ina ry  
decimal for% i n  frames 72 t o  92 .  This coding i s  used by t h e  d i g i t a l  
computer t o  v e r i f y  t h e  co r rec t  program from s to rage  s o  t h a t  t h e  recorded 
da ta  may be processed.  Frame 94 i s  t h e  index b i t  and i s  always i n  a 
b ina ry  "1." 
cording.  

This i s  used i n  t h e  con t ro l  l o g i c  i n  playback of t h e  r e -  

The number of frames necessary  t o  w r i t e  t h e  complete l i n e  of a n c i l -  
l a r y  info-rmation d i c t a t e s  a minimum block l eng th  of 32 words. If 64 o r  
1 2 8  s i g n a l  inputs  t o  t h e  equipment are used, t h e  block l eng th  becomes 
64 or 1 2 8  words; and the  a d d i t i o n a l  t i m e  i n  t h e  a n c i l l a r y  t r a c k  i s  un- 
used. By record ing  a l l  a n c i l l a r y  information every block,  r a t h e r  t han  
only a t  t h e  beginning of t h e  reading,  it is  poss ib l e  t o  s ta r t  processing 
da ta  from any l o c a t i o n  wi th in  t h e  reading.  

Write C i r c u i t r y  

F igure  111-8 i s  a block diagram of t h e  w r i t i n g  c i r c u i t r y  inc luding  
a block f o r  p a r i t y  genera t ion .  The input  l e v e l s  (I-VII) supplying word 
number i n d i c a t i o n  a r e  determined by t h e  p o s i t i o n  of t h e  main mul t ip lexer  
and t h e  premul t ip lexer .  The input  l e v e l s  (s-10) come from t h e  analog- 
t o - d i g i t a l  conver te r  and r ep resen t  t h e  va lue  of t h e  analog s i g n a l  i n  
d i g i t a l  form. 
code genera tor .  
t h r e e  counter  beginning wi th  t h e  A f l i p - f l o p .  When t h e  "1" is  i n  t h e  
A f lop - f lop ,  t h e  f i r s t  l i n e  of AND ga te s  i s  enabled. Those inpu t s  t h a t  
a r e  b ina ry  "1" a r e  t r a n s m i t t e d  through t h e  OR g a t e s  t o  t h e  p a r i t y  gener- 
a t o r  and t o  t h e  AND ga te s  a t  t h e  r i g h t  of t h e  diagram. The p a r i t y  out-  
put  as we l l  as t h e  a n c i l l a r y  code i s  app l i ed  t o  t h e  same l i n e  of AND 
g a t e s .  Binary "1's'' appearing a t  t h e  inpu t s  of t h e s e  AND ga te s  enable  
t h e  next c lock pulse  t o  change t h e  s t a t e  of t h e  f l i p - f l o p s .  The f l i p -  
f l o p s  con t ro l  t h e  d i r e c t i o n  of cu r ren t  through t h e  record  heads.  
t h e  magnet izat ion of t h e  t a p e  i s  changed f o r  b ina ry  l l l ' s l l  a t  t h e  inpu t s .  

The a n c i l l a r y  code l e v e l s  are suppl ied  from t h e  a n c i l l a r y  
The clock pu l se  s h i f t s  a b ina ry  "1" around t h e  r ing-of-  

Thus, 

A t  t h e  t ime t h e  clock pulse  was ga ted  t o  t h e  f l i p - f l o p s ,  t h e  "1" 
i n  t h e  A f l i p - f l o p  was s h i f t e d  t o  t h e  B f l i p - f l o p ,  and t h e  second s e t  oi' 
AND ga te s  w a s  enabled t o  write another  l i n e  of information on t h e  ttzpe. 
This process  cont inues through t h e  C f l i p - f l o p  and i s  repea ted  f o r  each 
word w r i t t e n  on t a p e .  
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Magnetic-Tape IEzndler 

The da ta  are recorded i n  e igh t  t r a c k s  on 1/2-inch t a p e  a t  e i t h e r  
15 or 60 inches per  second. Recording wi th  t h e  premul t ip lexer  i s  re- 
s t r i c t e d  t o  high speed because of t h e  d i f f i c u l t y  i n  a 4-to-1 speed 
change f o r  t h e  500-cycle motor. When us ing  only t h e  main mul t ip lexer ,  
bo th  high- and low-speed recording are p r a c t i c a l .  
d i g i t a l  t ype  and i s  operated by pu l se  commands. The start and s top  times 
are less  than  5 mi l l i seconds .  

The handler  i s  of t h e  

Operat ion 

Telephone or intercom communication p r i o r  t o  and during t h e  re -  
cording i s  a necessary  p a r t  of opera t ion .  Opera t iona l  c o n t r o l  i s  ef-  
f e c t e d  by r e l a y s  operated by t h e  recording f a c i l i t i e s  over te lephone 
l i n e s .  A t y p i c a l  procedure i s  as fol lows:  A c a l l  i s  placed by a f a c i l -  
i t y .  This  p r o h i b i t s  any o the r  f a c i l i t y  from plac ing  a c a l l  and t u r n s  on 
a busy l i g h t  a t  a l l  f a c i l i t i e s .  The recording system opera tor  t hen  
checks t h e  following: (1) proper f a c i l i t y  plugboard, ( 2 )  a m p l i f i e r  ga in  
s e t t i n g s ,  (3) proper s t a r t i n g  block number, ( 4 )  co r rec t  reading number, 
and (5) handler  loaded. When t h e  opera tor  has t h e  equipment ready t o  
record,  he connects t h e  f a c i l i t y  t o  t h e  t ransmiss ion  cable  and i n d i c a t e s  
"ready," which means that c o n t r o l  of equipment has been t r a n s f e r r e d  t o  
t h e  f a c i l i t y .  The f a c i l i t y  begins  i t s  t e s t  and s t a r t s  t h e  recording 
system at  t h e  appropr i a t e  t ime. When t h e  t e s t  i s  f in i shed ,  t h e  f a c i l i t y  
s tops  t h e  record ing  system and i s  au tomat i ca l ly  dropped from t h e  cable .  
F a c i l i t y  number, t ime of t h e  recording, s t a r t i n g  and ending block number, 
and ind ica t ions  of unusual phenomena are entered  i n  a log  a t  t h i s  t ime 
by t h e  operator .  

T O  assist t h e  opera tor  i n  de t ec t ing  equipment f a u l t s  and t o  aid t h e  
t e s t  engineer,  a record  monitoring mode of opera t ion  may be se l ec t ed .  
I n  t h i s  mode t h e  playback system monitors t h e  recording i n  progress .  
The monitor provides  a check on a l l  recording equipment except t h e  
wr i t i ng  c i r c u i t s ,  write heads, and t a p e  handler.  It a l s o  can provide a 
check on t h e  t ransmiss ion  cable  and t ransducers .  Monitoring s i g n a l s  are 
presented  t o  t h e  playback equipment i n  t h e  same format as t h e y  appear 
when p lay ing  back a t ape .  This  i s  explained i n  g r e a t e r  d e t a i l  i n  t h e  
DIGITAL PLAYBACK SYSTEM s e c t i o n  of t h i s  chapter .  

DIGITAL PLAYRACK SYSTEM 

General Descr ip t ion  

After t h e  t e s t  data a r e  recorded on magnetic t a p e ,  t h e  r e e l  of t a p e  
i s  rewound and moved t o  t h e  d i g i t a l  playback system t a p e  t r a n s p o r t  for 
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i n spec t ion  and ed i t i ng .  
d i g i t a l  recording system i s  used f o r  t h i s  purpose and i s  shown i n  f igure 
111-11. Se lec t ed  d a t a  inpu t s  of a t e s t  are d isp layed  as analog s i g n a l s  
i n  an  X-Y f a sh ion  or a g a i n s t  t ime on osc i l l og raph ic  s to rage  osc i l loscope-  
type output  equipment. Someone familiar with t h e  t es t  d a t a  may then  p ick  
out a r e a s  of i n t e r e s t  f o r  computing. These areas are i d e n t i f i e d  by 
not ing block number a t  t h e  beginning and end of t h e  i n t e r e s t  area. 
d a t a  area between t h e  s e l e c t e d  block numbers may then  be en tered  i n t o  
e i t h e r  an  analog or d i g i t a l  computer f o r  f u r t h e r  processing. 

The playback equipment a s s o c i a t e d  wi th  t h e  

The 

Figure  111-12 shows a s h p l i f i e d  block diagram of t h e  d i g i t a l  play- 
back system. The recording method was a modified nonreturn-to-zero.  A 
b i n a r y  "1" from t h e  playback t a p e  t r a n s p o r t  head i s  ind ica t ed  by a 15- 
m i l l i v o l t  pu l se  e i t h e r  p o s i t i v e  or negat ive,  depending upon t h e  d i r e c t i o n  
of flux r e v e r s a l  of t h e  magnetic tape .  
absence of a pu l se  i n  a frame. Eight read  ampl i f ie rs ,  one per  t a p e  t r ack ,  
amplify and t ransform t h e s e  pu l ses  i n t o  uniform rec t angu la r  pu lses  of one 
polarity. 

A b ina ry  "0" i s  ind ica t ed  by t h e  

The f irst  opera t ion  of t h e  playback must be  t o  e s t a b l i s h  t h e  iden- 
t i t y  of t h e  frames, s i n c e  three frames must be p rope r ly  grouped t o  form 
a d a t a  word. This  i s  accomplished by t h e  Two-Time d e t e c t o r  c i r c u i t  t h a t  
monitors t r a c k  8. This  c i r c u i t  d e t e c t s  when b i n a r y  t ' l r s r r  are recorded 
i n  two success ive  frames. This  d e t e c t i o n  occurs  co inc ident  wi th  frame 2 
of every block and i s  used t o  e s t a b l i s h  word framing f o r  t h e  playback of 
t h e  block of da t a .  

The a n c i l l a r y  code information i n  t r a c k  8 i s  assembled i n  a n c i l l a r y  
code s h i f t  r e g i s t e r s .  Neon l i g h t s  connected t o  t h e s e  r e g i s t e r s  v i s u a l l y  
i n d i c a t e  t h e  reading number, f a c i l i t y ,  and so f o r t h .  The b lock  number 
r e g i s t e r  information i s  used t o  i d e n t i f y  t h e  areas of i n t e r e s t  of da ta .  
A v i s u a l  d i s p l a y  of information i n  t h i s  r e g i s t e r  i s  presented  on t h e  
opera tor  console, which i s  shown i n  f i g u r e  111-13. When t h e  equipment 
i s  running, t h e  i n d i c a t o r  l i g h t s  of t h e  block number r e g i s t e r  g ive  t h e  
opera tor  a continuous i n d i c a t i o n  of p o s i t i o n  wi th in  a data reading. 
Upon s topping t h e  equipment, t h e  last  read  b lock  number i s  d isp layed  
s t a t i c a l l y  by t h e  i n d i c a t o r  l i g h t s .  

I n  a d d i t i o n  t o  t h e  v i s u a l  d i s p l a y s  of a l l  a n c i l l a r y  coding, t h e  
block number r e g i s t e r  i s  c o n t i n u a l l y  examined by two sets of AND ga tes ,  
as shown i n  t h e  block diagram i n  f i g u r e  111-12. The f irst  set  of AND 
g a t e s  i s  l abe led  Se lec t  F i r s t  Block, and t h e  second set  i s  l abe led  Se lec t  
Last  Block. Both sets  of g a t e s  a r e  c o n t r o l l e d  by a series of switches 
as p i c t u r e d  i n  t h e  opera tor  console  photograph ( f i g .  111-13). 
incidence occurs  between t h e  s e l e c t e d  block number of one set of console 
switches and t h e  number i n  t h e  block number r e g i s t e r ,  an  output  pu l se  
from t h e  s e l e c t e d  AND g a t e  i s  formed. When t h e  system i s  operated i n  t h e  
forward d i r ec t ion ,  t h e  F i rs t -Block  Coincidence Pulse  hera lds  t h e  start 

When co- 
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of information f low t o  any one of t h e  s e l e c t e d  output devices  t o  be 
d iscussed  later. I n  forward mode t h e  Last-Block Coincidence Pulse  pro- 
v ides  a system stop.  I n  reverse-mode opera t ion  t h e  Firs t -Block Coinci- 
dence Pulse  provides  t h e  s t o p  command. 

Tape t r a c k s  1 t o  7 a r e  checked every frame f o r  odd p a r i t y .  If any 
of t h e  t h r e e  frames of a data word do not pass t h e  p a r i t y  check, a 
p a r i t y  e r r o r  s i g n a l  i s  t r ansmi t t ed  t o  t h e  s e l e c t e d  output device.  

Located j u s t  above t h e  frame p a r i t y  checker i n  f i g u r e  111-12 i s  t h e  
c i r c u i t  block t h a t  forms clock pulses .  The clock pu l ses  a r e  generated 
by OR ga t ing  t h e  seven data t r a c k s  ( t r a c k s  1 t o  7 ) .  
i n  t r a c k  7 i s  generated during recording so  that t h e  sum of b i t s  i n  
t r a c k s  1 t o  7 i s  always an  odd number, t h i s  method produces a clock 
pu l se  f o r  every frame of t h e  data .  
by  d iv id ing  t h e  clock pu l ses  by th ree ,  us ing  a r ing-of - three  s h i f t  r e g i s -  
t e r .  This  c o n s i s t s  of t h r e e  s h i f t  r e g i s t e r  s t ages  i n  a c losed  r i n g  
such t h a t  t h e  f i r s t  loads  t h e  second, t h e  second loads  t h e  t h i r d ,  and 
t h e  t h i r d  loads  t h e  f i r s t  on each shif-t  command. A b ina ry  "1" i s  c i r -  
c u l a t e d  through t h e  r e g i s t e r  wi th  t h e  clock pu l ses  serv ing  as t h e  
s h i f t  commands. By monitoring t h e  t h i r d - s t a g e  output  and de tec t ing  a 
b ina ry  "1" i n  t h i s  pos i t i on ,  t h e  Data-Word Clock Pulse  i s  formed. The 
r ing-of - three  i s  p r e s e t  t o  a s tandard  condi t ion  by t h e  Two-Time of 
t h e  f irst  block of d a t a  a f t e r  a playback forward command. 
Time Pulse  was descr ibed  previous ly  as t h e  u n i t  t h a t  e s t ab l i shed  word 
framing . 

Since a p a r i t y  b i t  

Data-Word Clock Pulses  a r e  formed 

The Two- 

A t  t h e  beginning of every succeeding block of data t h e  b i n a r y  s ta te  
If t h e  r ing-  of t h e  t h r e e  s h i f t  r e g i s t e r  card3 i s  examined a t  Two-Time. 

of - t h ree  condi t ions  do not ag ree  wi th  t h e  s tandard  condi t ions  e s t a b l i s h e d  
at t h e  preceding Two-Time, a Word Framing Error Pulse i s  produced and 
t h e  c o r r e c t  r i n g  condi t ions  are r ees t ab l i shed .  The Word Framing Error 
Pul se  t h u s  i n d i c a t e s  that t h e  word framing has gone out of s t e p  somewhere 
wi th in  t h e  previous block of data .  This  pu l se  n o t i f i e s  t h e  output  de- 
v ices ,  which may then  t a k e  t h e  appropr i a t e  ac t ions .  

The data word r e g i s t e r  c o n s i s t s  of 2 1  s h i f t  r e g i s t e r  s tages .  The 
r e g i s t e r  i s  loaded i n  t h r e e  success ive  p a r a l l e l  loads  of seven b i t s ,  
each corresponding t o  t he  t h r e e  frames of t h e  data word. A Data-Word 
Clock Pulse  i n d i c a t e s  t h a t  a complete word of d a t a  has been en tered  i n t o  
t h e  d a t a  word r e g i s t e r  and serves as t h e  r e g i s t e r  examine command. 

The d i g i t a l  data word i s  now assembled i n  t h e  da t a  word r e g i s t e r  
and may be t r ansmi t t ed  t o  t h e  d i g i t a l  computer. 
f u r t h e r  i n  t h e  fol lowing s e c t i o n  e n t i t l e d  "Output Modes. " 

This  w i l l  be  d iscussed  

If t h e  d a t a  are t o  be analog e d i t e d  o r  prepared f o r  analog computer 
entry,  t h e  complete d a t a  word i s  examined i n  two p a r t s :  t h e  seven word 
number b i t s  and t h e  11 data b i t s  ( f i g .  111-9). The seven word number 
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b i t s  a r e  presented  i n  p a r a l l e l  t o  f i v e  word s e l e c t  AND g a t e s  and are 
l abe led  "Selec t  Word A" t o  "Se lec t  Word E," as shown i n  figure 111-12. 
The g a t e s  a r e  c o n t r o l l e d  by pushbutton switches loca t ed  on t h e  opera tor  
c o n t r o l  console, which is  shown i n  f i g u r e  111-13. These g a t e s  a r e  probed 
by Data-Word Clock Pulses .  
t h e  word number b i t s  i n  t h e  data-word r e g i s t e r  are i n  coincidence wi th  
t h e  word number s e l e c t e d  f o r  t h a t  ga t e .  

A Word Coincidence Pulse  i s  produced when 

The 11 data b i t s  of s e l e c t e d  words a r e  t r a n s f e r r e d  t o  a commer- 
c i a l l y  a v a i l a b l e  d ig i t a l - to -ana log  converter .  The output of t h i s  con- 
v e r t e r  i s  an analog vo l t age  t h a t  i s  p ropor t iona l  t o  t h e  d i g i t a l  input .  
A Word Coincidence Pulse  from any of t h e  five-word s e l e c t  g a t e s  i n i t i -  
a t e s  t h e  conversion. The data word, now i n  analog form, i s  presented  
i n  p a r a l l e l  t o  t h e  f i v e  analog s to rage  u n i t s .  These u n i t s  a r e  of t h e  
same type  as those  descr ibed  previous ly  under t h e  sec t ion  e n t i t l e d  
"Storage and Main Mul t ip lexer . "  Each of t h e  f i v e  s to rage  u n i t s  r ece ives  
sample and s t o r e  commands from i t s  word s e l e c t  AND ga te .  Thus, a s i n g l e  
se lec ted  word of data i s  presented  as an analog v o l t a g e  at t h e  Output Of 
each of t h e  analog s to rage  u n i t s .  The o v e r a l l  accuracy of t h e  analog 
vo l t age  a t  t h e  output of t h e  s to rage  u n i t  i s  wi th in  0.25 percent  of t h e  
d i g i t a l  word value.  The output  vo l t age  range i s  k10 v o l t s .  

Output Modes 

D i g i t a l  computer. - Since t h e  primary func t ion  of t h e  c e n t r a l  t r a n -  
s i e n t  recording system i s  t h e  recording of d a t a  f o r  machine computation, 
t h e  primary output mode i s  connection t o  a d i g i t a l  computer. It i s  a 
high-speed, stored-program, gene ra l  purpose computer, which a t  t h i s  
wr i t i ng  i s  loca ted  approximately 3/5 mi le  from t h e  playback equipment. 
The systems are connected by means of s tandard  telephone-type under- 
ground cable .  The t r a n s m i t t e d  pu l ses  are 25 microseconds i n  width a t  
t h e  sending end and degrade t o  approximately 35 microseconds a t  t h e  
r ece iv ing  end. A second d i g i t a l  playback system has been cons t ruc ted  
and i s  used p r i m a r i l y  wi th  t h e  d i g i t a l  computer. It i s  loca ted  i n  t h e  
same area as t h e  computer. 

The block diagram ( f i g .  111-12) i n d i c a t e s  t h e  l i n e s  of communication 
t o  t h e  computer i n  t h e  d i g i t a l  computer output mode. The 2 1  b i t s  of t h e  
d a t a  word r e g i s t e r  a r e  t r a n s m i t t e d  along wi th  t h e  Data Word Clock Pulses  
f o r  every word t h a t  i s  recorded. Since every word i s  t r ansmi t t ed  when 
i n  d i g i t a l  computer mode, t h e  word s e l e c t  g a t e s  are not used. The Two- 
Time Pulse  i s  a v a i l a b l e  so t h a t  t h e  computer can maintain b lock  refer- 
ence f o r  checking purposes. Both t h e  Word Framing Error  and t h e  Frame 
P a r i t y  Error  Pulses  a r e  t r ansmi t t ed .  
system does not present  t h e  a n c i l l a r y  information t o  t h e  computer. The 
second playback system p resen t s  t h e  a n c i l l a r y  code r e g i s t e r  information 
i n  p a r a l l e l  every block. 

The o r i g i n a l  d i g i t a l  playback 

This  i s  used p r i m a r i l y  for checking and 
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ver i fy ing  t h e  t a p e  pos i t i on ing .  
from a p a r t i c u l a r  f a c i l i t y  has a l s o  been incorporated.  

A computer - in i t ia ted  search  f o r  d a t a  

The a c t u a l  opera t ion  of t h e  equipment i n  t h e  d i g i t a l  computer mode 
i s  u s u a l l y  preceded by  one of t h e  forms of quick-look e d i t i n g  t o  be  
descr ibed  later. 
just be fo re  t h e  start of t h e  a r e a  of i n t e r e s t  and keeps computing t ime 
t o  a minimum. Upon r e c e i p t  of a forward read  command from t h e  d i g i t a l  
computer, t h e  playback system starts t h e  t a p e  i n  forward motion and 
begins  a t ransmiss ion  of d a t a  after t h e  f i r s t  generated Two-Time Pulse. 
The data e n t r y  i n t o  t h e  computer i s  under computer program c o n t r o l  and 
e n t e r s  i n t o  one of t h e  input-output  r e g i s t e r s .  A t  t h i s  po in t  t h e  data 
are aga in  checked f o r  p a r i t y .  
check b i t s  i s  p laced  i n t o  magnetic core  s torage.  A t  p resent  t h e r e  are 
approximately 500 t o  1000 words of core  s to rage  a v a i l a b l e  f o r  d a t a  word 
s torage .  After e n t r y  of a given number of blocks as determined by t h e  
core s to rage  ava i l ab le ,  a s t o p  command i s  t r ansmi t t ed  t o  t h e  playback 
system. The playback system cont inues t o  t r ansmi t  t h e  block of d a t a  i n  
which t h e  s t o p  command was issued.  A playback system s top  i s  i ssued  by 
t h e  next Two-Time Pulse,  which s tops  t ransmiss ion  of d a t a  and commands a 
t a p e  stop. 

This  a l lows  t h e  pos i t i on ing  of t h e  t a p e  t o  a poin t  

The o r i g i n a l  d a t a  word along wi th  var ious  

A f t e r  a system s t o p  i s  commanded, t h e  t a p e  comes t o  rest  w e l l  with- 
i n  t h e  next block of data .  Thus, it i s  necessary t o  r e p o s i t i o n  t h e  t a p e  
by revers ing  one block a f t e r  e n t r y  of each s e c t i o n  of d a t a  i n t o  t h e  
d i g i t a l  computer. Approximately 20  mi l l i seconds  after t h e  computer s t o p  
command has been executed, a r eve r se  command i s  i ssued  by playback system 
machine cont ro l ,  and a s t o p  i s  executed at  t h e  next Two-Time Pulse. The 
playback system i s  now pos i t i oned  f o r  t h e  next forward read. The com- 
p l e t e  cyc le  t ime i s  approximately 35 mil l iseconds.  I n  t h i s  a p p l i c a t i o n  
t h e  a d d i t i o n a l  c o n t r o l  time needed t o  r e p o s i t i o n  t h e  t a p e  i s  used by t h e  
computer as data processing t ime s o  tha t  no real  disadvantage i n  input  
time e f f i c i e n c y  e x i s t s .  

Analog computer. - The second output  mode of t h e  d i g i t a l  playback 
system i s  connection t o  a commercially a v a i l a b l e  analog computer de- 
s c r ibed  i n  chapter  IV. I n  t h i s  output mode t h e  f i v e  s e l e c t e d  channels 
of analog output  from t h e  d i g i t a l  system a r e  t r ansmi t t ed  by sh ie lded  
cab le  t o  t h e  analog computer pa t ch  board where t h e y  may be appropri-  
a t e l y  en tered  i n t o  t h e  analog computer program. Contrary t o  t h e  mode 
of opera t ion  wi th  t h e  d i g i t a l  computer, t h e  analog computer i s  under t h e  
command of t h e  d i g i t a l  playback system. The commands "start compute" 
and "s top  compute" a r e  der ived  from Se lec t  First Block and Se lec t  Last 
Block. 

Storage osc i l loscope .  - The primary method of d a t a  e d i t i n g  be fo re  

(1) One t o  
computation i s  wi th  a s torage- type  osc i l loscope .  Severa l  types  of d i s -  
p l ays  a r e  a v a i l a b l e  using t h i s  p i ece  of readout equipment: 
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f o u r  s e l e c t e d  data channels may be p l o t t e d  aga ins t  t ime i n  a s i n g l e  
sweep. 
channel i n  an  X-Y p l o t .  
r ecu r r ing  sweep t o  produce v e r t i c a l  bar graphs as t h e  d a t a  vary.  
A l l  data words may be d isp layed  during a slow s i n g l e  sweep. 

( 2 )  Any data channel may be d isp layed  aga ins t  any o the r  da-ta 
(3) A l l  data words may be d isp layed  a t  a fast 

(4) 

The f i r s t  d i s p l a y  i s  u s e f u l  i n  t h e  i n i t i a l  e d i t i n g  of a recording 
t o  determine t h e  l o c a t i o n  of t h e  var ious  areas of i n t e r e s t .  For  t h i s  
operat ion,  a channel i s  s e l e c t e d  t h a t  w i l l  b e s t  desc r ibe  t h e  data event 
(e.g., chamber p re s su re  i n  a rocket  t e s t ) .  
a r e a  of i n t e r e s t  on t h e  s to rage  scope, he s tops  t h e  system and logs  t h e  
block number a t  t h i s  t a p e  loca t ion .  
l i s t i n g  of block numbers t h a t  i s  used t o  p o s i t i o n  t h e  t a p e  i n  any of t h e  
o the r  output  modes. The ope ra to r  may a l s o  e n t e r  a s e l e c t e d  block number 
i n t o  t h e  F i rs t -Block  Se lec t  r e g i s t e r  and p l o t  any channel aga ins t  t ime. 
He may now reve r se  t o  t h e  s e l e c t e d  block number and overp lo t  o the r  d a t a  
channels f o r  comparison purposes. 
s tudy  of t h e  data event a f t e r  i n i t i a l  l o c a t i o n  of t h e  area of i n t e r e s t .  
Superimposed p l o t s  of a rocket  chamber p re s su re  and downstream nozzle  
p re s su re  aga ins t  t ime over a 20-second i n t e r v a l  shown i n  f i g u r e  111-14 
i l l u s t r a t e  t h i s  t ype  d isp lay .  

When t h e  opera tor  views an 

In  t h i s  manner he develops t h e  

This  a l lows a u s e f u l  pre l iminary  

The second d i s p l a y  of t h e  s t o r a g e  scope p resen t s  two channels of 
data i n  an  X-Y p l o t .  The main use  of t h i s  i s  i n  p repa ra t ion  f o r  output 
t o  an  ink-type X-Y p l o t t e r .  

I n  t h e  t h i r d  d i s p l a y  every data word i s  converted t o  a n  analog 
vo l t age  and connected t o  t h e  Y d e f l e c t i o n  system of t h e  s to rage  scope. 
A f t e r  a l lowing t i m e  f o r  t h e  v e r t i c a l  d e f l e c t i o n  system of t h e  s to rage  
scope t o  s t a b i l i z e ,  a d i s p l a y  command i n t e n s i t y  modulates t h e  write 
beam. This  p l o t s  a dot  on t h e  viewing screen  f o r  each word of d a t a  d i s -  
played. I n  t h i s  t ype  of d i sp lay ,  t h e  sweep t r i g g e r  pu l se  i s  der ived  
from t h e  S e l e c t  Word A AND gate .  The sweep speed i s  s e t  t o  be  fast 
enough t o  r e so lve  ad jacent  words of d a t a  v i s u a l l y .  Thus, a sweep i s  
t r i g g e r e d  f o r  every block of data ,  and a new l i n e  of d o t s  i s  displayed.  
I n  time, t h i s  succeeds i n  p re sen t ing  a s e r i e s  of d a t a  channels, com- 
mencing wi th  t h e  word s e l e c t e d  i n  S e l e c t  Word A r e g i s t e r ,  as v e r t i c a l  
bars. Because of t h e  limited s i z e  of t h e  viewing screen, a p r a c t i c a l  
maximum of 16  channels may be viewed a t  one time. 
p l o t  of 10 da ta  channels recorded during a rocket  perTormance t e s t  i s  
shown i n  f i g u r e  111-15. 

A t y p e  (3) bar-graph 

I n  t h e  f o u r t h  d i s p l a y  on t h e  s to rage  scope, a p l o t  of a l l  words i s  
d isp layed  os ing  a slow s i n g l e  sweep. This  d i s p l a y  i s  t h e  same as t h e  
f i r s t  t y p e  except that a l l  words a r e  ove rp lo t t ed  on one t a p e  pass.  The 
d i s p l a y  i s  u s e f u l  i n  i d e n t i f y i n g  d a t a  t r a c e s  only i f  t h e  number of i npu t s  
recorded i s  s m a l l  o r  t h e  inpu t s  of i n t e r e s t  have ve ry  d i s t i n g u i s h i n g  
c h a r a c t e r i s t i c s .  This  mode w i l l ,  however, i n d i c a t e  i n  one t a p e  pass  i f  
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some d a t a  channel i s  i n  g ross  e r r o r  (e.g. ,  v e r y  noisy, inverted,  e t c . ) ,  
Another t ype  d isp lay ,  u s u a l l y  type  ( 3 ) ,  would be used t o  i d e n t i f y  t h e  
offending d a t a  channel. This  t ype  d i s p l a y  of e igh t  channels of tempera- 
t u r e  aga ins t  t ime taken  during a h e a t - t r a n s f e r  experiment Over a 20-second 
i n t e r v a l  i s  shown i n  f i g u r e  111-16. 

X-Y p l o t t e r .  - The X-Y p l o t t e r  output produces a 10- by 15-inch ink- 
type  p l o t .  The X input  i s  taken  from Analog Storage Word A. . The Y i n -  
put  i s  taken  from Analog Storage Word B f o r  X-Y p l o t s .  If des i red ,  t h e  
output of Storage Word B aga ins t  t ime may be p lo t t ed .  Display commands 
a r e  aTrailable from t h e  Se lec t  F i r s t  and Se lec t  Last  Block AND g a t e s  t o  
c o n t r o l  t h e  opera t ion  of t h e  p l o t t e r .  This  mode i s  used when t h e  t e s t  
engineer d e s i r e s  a permanent hard copy of a r a w  d a t a  p l o t  f o r  quick 
re ference  be fo re  computed data are ava i l ab le .  

Recording osc i l lograph .  - The record ing  osc i l l og raph  i s  able t o  
d i s p l a y  f i v e  s e l e c t e d  d a t a  cbAnnels aga ins t  time on a s i n g l e  t a p e  pass .  
The use of t h i s  mode i s  s b i l a r  t o  t h e  X-Y p l o t t e r  mode i n  t h a t  it i s  
a l s o  used f o r  quick r e fe rence  t o  t h e  unprocessed data .  

Monitor recording.  - A s  mentioned previously,  t h e  monitor recording 
mode i s  used t o  monitor t h e  recording system and t h e  data t ransducers .  
The playback t a p e  handler  i s  disengaged i n  t h i s  mode, and t h e  playback 
system input  s i g n a l s  a r e  rece ived  from t h e  record  system. The s to rage  
scope i s  u s e f u l  i n  viewing the input  d a t a  clmnnels f o r  no i se  content,  
range, p o l a r i t y ,  and so  forth befo re  t h e  recording of t h e  a c t u a l  t e s t .  
The f i r s t  t y p e  d i s p l a y  i s  used i n  most cases  during t h e  a c t u a l  t e s t  
recording. 
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Track 
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Data Data 
word 1 

f >A 
Frame 1 2 3 4 5 6 

I VI1 
I1 S 
I11 1 
Iv 2 
V 3 
VI 4 
P P :: Ancillary coding 

5 I 
6 I1 
7 I11 
8 IV 
9 V 
10 VI 
P P 

9 
10 
P -- ! /  

VI I 

1 
2 
3 
4 
P 

S 

--- 
Tape motion - 

Data b i t  p o s i t i o n s  Word number b i t  p o s i t i o n s  

s - P o l a r i t y  
1 - Most s i g n i f i c a n t  
2 
3 
4 
5 
6 
7 

b i t  

8 
9 

10 - Least s i g n i f i c a n t  b i t  

I - Most s i g n i f i c a n t  b i t  
I1 
I11 
IV 
V 

V I  
VI1 - Least s i g n i f i c a n t  b i t  

p - P a r i t y  b i t  

F igure  111-9. - Magnetic-tape format. 
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Figure 111-14. - Storage osci l loscope d i sp lay  of rocket chamber pressure 
and nozzle pressure p l o t t e d  against t i m e .  
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Figure 111-15. - Bar-graph-type storage oscilloscope display. 
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Figure  111-16. - Storage osc i l l o scope  d i s p l a y  of  hea t - t r ans fe r  da t a .  
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CHAPrER Iv 

ANALOG SYSTEM 

By Charles F. Kadow, Arthur D. Brenza, 
Richard N. B e l l ,  John C. Stwman, 

and Allen L. Per ry  

OVERALL SYSTEM DESCRIPTION 

In t roduct ion  

The analog data system can be operated independently of t h e  d i g i t a l  
data system o r  concurren t ly  wi th  it. 
c h a r a c t e r i s t i c s  permit recording of data t h a t  cannot be recorded on t h e  
d i g i - t a l  d a t a  system. 

Its higher  frequency response 

The analog system i s  made up of two 14-channel frequency-modula-tion- 
type  recorders  and t h e i r  a s s o c i a t e d  record  and playback log ic .  I n  each 
of t h e  t w o  recorders ,  1 2  channels are used f o r  recording data,  and two 
channels a r e  used t o  record  i d e n - t i f i c a t i o n  and c a l i b r a t i o n  information. 
The two reco rde r s  can be used toge the r  t o  record  24 d a t a  channels from 
one Y a c i l i t y  o r  independent ly  t o  record  1 2  d a t a  channels from each of 
-two d i f f e r e n t  f a c i l i t i e s  simultaneously.  

Frequency response of t h e  system i s  d. c .  t o  10 k i locyc le s .  Input  
s i g n a l  l e v e l s  are +lo, +20, f50, t100, k500, and klOOO m i l l i v o l t s  f u l l  
s ca l e .  Accuracy t o  which a d-c vo l t age  can be recorded and played back 
i s  1 percent  of f u l l - s c a l e  vol tage.  

Information can be played back at 112, 114, 118, 1/16, and 1/32 of 
normal recording speed i n  a d d i t i o n  t o  normal record ing  speed. By us ing  
t h i s  f ea tu re ,  high-frequency s i g n a l s  may be recorded on t h e  analog 
system, played back a t  a f r a c t i o n  of t h e  recording speed, and re-recorded 
on t h e  d i g i t a l  system f o r  d i g i t a l  processing of high-frequency i n f o r -  
mation. 

Block Diagram and System Descr ip t ion  

The po r t ion  of f i g u r e  I V - 1  wi th in  t h e  dashed l i n e s  shows one of t h e  
two frequency-modulation recorders  and i t s  associa- ted record  and p lay-  
back log ic .  Unamplified t r ansduce r  s i g n a l s  are sen t  from t h e  f a c i l i - t i e s  
over  s p e c i a l  d a t a  cables ,  descr ibed  i n  chapter  11. A t  each f a c i l i t y  
t h e  d a t a  l i n e s  are connected t o  t h e  t r ansduce r s ' t h rough  l i n e  r e l ays ,  
which a r e  operated from t h e  c e n t r a l  d a t a  room. 

A t  t h e  c e n t r a l  data room t h e  d a t a  l i n e s  a r e  te rmina ted  on t h e  inpu-t 
plugboard c rad le .  The input  plugboard connects t h e  s e l e c t e d  d a t a  l i n e s  
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through a d a t a / c a l i b r a t i o n  switch t o  t h e  data record  e l ec t ron ic s .  
switch connects e i t h e r  t h e  d a t a  l i n e s  or c a l i b r a t i o n  vol tages  t o  t h e  in -  
p u t s  of t h e  record  e l ec t ron ic s .  The c a l i b r a t i o n  vol tages  a r e  recorded 
a t  zero and f u l l - s c a l e  values.  A timer (descr ibed  i n  d e t a i l  l a t e r )  con- 
t r o l s  t h e  d i r e c t - c u r r e n t  switch ac t ion .  

This  

The recording system i s  c o n t r o l l e d  from each f a c i l i t y  by means of a 
c o n t r o l  pane l  or an  electromechanical  programmer a t  t h e  f a c i l i t y .  The 
c o n t r o l  pane l  conta ins  monitoring l i g h t s  and switches f o r  c o n t r o l l i n g  
t h e  recording system during t h e  time t h a t  t h e  f a c i l i t y  i s  t ak ing  data .  
The panel  l i g h t s  i n d i c a t e  t h e  state of t h e  recording system, while t h e  
switches provide a means f o r  s t a r t i n g  and stopping t h e  recording equip- 
ment. Control  from t h e  programmer i s  a l s o  provided. I n  t h i s  case  t h e  
pane l  c o n t r o l  switches are not used, a l though t h e  pane l  l i g h t s  s t i l l  
i n d i c a t e  t h e  s ta te  of t h e  recording system. 

Control  s i g n a l s  are  sen t  over a c o n t r o l  cab le  (independent of t h e  

Playback day  be of e i t h e r  
data cab le s ) ,  which i s  a l s o  used f o r  te lephone and intercommunication 
and f o r  t h e  playback of data t o  f a c i l i t i e s .  
r a w  d a t a  or analog computer ou tputs  from "on-line" computations made 
during t h e  t e s t  run. A t  t h e  f a c i l i t y ,  t h e  playback can be used f o r  
monitoring or ( i n  case  of "on-line" computations) f o r  immediate t e s t  
eva lua t  ion. 

A t  t h e  c e n t r a l  data room, output devices  f o r  da t a  playback are!  
s to rage  osc i l l o scope  f o r  quick look, analog computer f o r  processing bo th  
analog and d i g i t a l  recorded data ,  and X-Y p l o t t e r s  and s t r i p  char t  o s c i l -  
lograph f o r  p lo - t t i ng  bo th  r a w  and processed data. 

The output  plugboard i s  used t o  connect t h e  analog system output t o  
t h e  s e l e c t e d  output devices,  a m p l i f i e r s  ( i f  r equ i r ed  t o  raise t h e  play-  
back e l e c t r o n i c s  output l e v e l s ) ,  and t h e  automatic d r i f t  cor rec tor .  The 
automatic  d r i f t  c o r r e c t o r  uses  recorded c a l i b r a t i o n  information t o  cor-  
r e c t  automatical ly ,  during playback, f o r  d r i f t  i n  t h e  record  e l e c t r o n i c s  
t h a t  may have occurred between i n i t i a l  s e tup  and recording. 

During recording, record  and block numbers are encoded on one of 
t h e  two c o n t r o l  t r a c k s  by means of t h e  record  and block number encoder. 
This  information i s  used during playback t o  search  f o r  any d e s i r e d  
reading and any area of d a t a  wi th in  a reading. 
p l i s h e d  by means of t h e  c o n t r o l  t r a c k  decoder, record  and block number 
decoder, record  and block number r e g i s t e r ,  and record  and block number 
s t  orage. 

The search  i s  accom- 
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Tape Format 

The analog t r a n s i e n t  recording system uses  a 1-inch-wide, 14-track, 
s taggered head. The t r a c k s  ( s e e  f i g .  IV-2) a r e  0.050 inch  wide and a r e  
on 0.070-inch centers .  
f o r  data recording, g iv ing  a capac i ty  of 1 2  data channels, while two 
t r a c k s  a r e  used f o r  playback systems cont ro l .  

O f  t h e  14 t r a c k s  ava i lab le ,  12 t r a c k s  are used 

The technique of f requency modulation i s  used i n  recording d a t a  i n  
t h e  12 data t r acks ,  r e f e r r e d  t o  as data channels 0 t o  11 i n  f i g u r e  IV-2. 
The s i g n a l  recorded on t a p e  i s  a frequency t h a t  i s  p ropor t iona l  t o  t h e  
amplitude of t h e  d a t a  s igna l .  The use  of frequency modulation enables  
recording and reproducing d-c s i g n a l s  and a l s o  permits  p lay ing  back a 
recording at a much slower speed than  t h e  recording speed without degra- 
da t ion  of t h e  s igna l .  F igure  I V - 3  shows t h e  r e l a t i o n  of t h e  recorded 
frequency aga ins t  t h e  input  vo l t age  amplitude of t h e  d a t a  s igna l .  

The c o n t r o l  t r a c k s  a r e  r e f e r r e d  t o  as channels A and B i n  f i g u r e  
IV-2, and information recorded i n  those  channels w i l l  be  descr ibed  i n  
d e t a i l .  

Zone Descr ip t ion  

During a d a t a  run t h e  t a p e  record  i s  d iv ided  i n t o  seven zones. The 
zone des igna t ion  s ign i f i cance  i s  as fo l lows  ( see  f i g .  IV-4): 

Zone 1, reco rd  number. - Within t h e  f i r s t  zone on tape,  a fou r -d ig i t  
binary-coded decimal number i s  encoded s e r i a l l y  on c o n t r o l  channel A. 
The f i r s t  two d i g i t s  of t h e  record  number i d e n t i f y  t h e  f a c i l i t y  for. t h a t  
p a r t i c u l a r  run, and t h e  last  two d i g i t s  i d e n t i f y  t h e  analog reading num- 
be r .  The time dura t ion  of t h e  record  number zone i s  2 seconds. 

Zone 2, zero  c a l i b r a t e .  - This  i s  a 3-second zone during which t ime 
t h e  t r ansduce r s  are disconnected from t h e  1 2  data channels, and t h e  d a t a  
channel i npu t s  are shor ted .  
quency on t a p e  corresponding t o  a zero vo l t age  input .  This  i s  used 
during playback ( see  s e c t i o n  e n t i t l e d  Automatic D r i f t  Correc t ion)  t o  
compensate f o r  a long-term frequency d r i f t  of t h e  record  e l e c t r o n i c s .  

The data channels t h e r e f o r e  record  a f re -  

Zone 3, f u l l - s c a l e  c a l i b r a t e .  - This  i s  a 3-second zone during which 
t ime t h e  t r ansduce r s  are removed from t h e  12 data channels, and t h e  data 
channel i npu t s  are connected t o  an  accu ra t e  f u l l - s c a l e  vo l t age  source.  
The c a l i b r a t i o n  source i s  a 1.40-vol t  vo l t age  s tandard  f o r  high-level-  
input  condi t ions  o r  t h e  d iv ided  output  of a high-gain d i f f e r e n t i a l  
a m p l i f i e r  wi th  t h e  appropr i a t e  f u l l - s c a l e  input  i -ol tage for low-level-  
input  condi t ions .  The d a t a  channels t h e r e f o r e  record  a frequency on 
t a p e  corresponding t o  a f u l l - s c a l e  vo l t age  input .  This  a l s o  i s  used 
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during playback t o  compensate f o r  t h e  long-term frequency d r i f t  of t h e  
record e l ec t ron ic s .  

Zone 4, p reda ta  (nonusable d a t a ) .  - The t ime dura t ion  of zone 4 i s  
e i t h e r  2 seconds or 150 mi l l i seconds  long, depending upon t h e  mode of 
operat ion.  In  t h e  "manual" mode of opera t ion  the system i s  con t ro l l ed  
by t h e  f a c i l i t y  opera tor  through t h e  use  of t h e  c o n t r o l  panel .  
mode of opera t ion  t h e  t a p e  handler  comes t o  a complete s top  at t h e  end 
of zone 3, and t h e  t r ansduce r s  a r e  reconnected t o  t h e  data channel i n -  
puts .  
f a c i l i t y ,  a 2-second preda ta  zone i s  then  used t o  a l low t h e  t a p e  handler  
t o  reach a constant  speed. In  t h e  programmed mode of operation, t h e  
system i s  con t ro l l ed  by t h e  programmer at t h e  f a c i l i t y .  I n  t h i s  mode of 
operat ion,  t h e  t a p e  handler  does not s t o p  af ter  zone 3, but  goes d i r e c t l y  
i n t o  a 150-mill isecond preda ta  zone, during which time t h e  t ransducers  
are reconnected t o  t h e  data channel inputs .  The preda ta  zone i s  used t o  
prevent  e i t h e r  nonl inear  t a p e  mot ion  during "manual" mode of opera t ion  
or t r a n s i e n t s  from input  switching during "programmed" mode of opera t ion  
from a f f e c t i n g  t h e  a c t u a l  d a t a  f i e l d .  

In  t h i s  

Af-ter r ece iv ing  a "take-data" command s i g n a l  from t h e  t e s t  

- 

Zone 5, record  d a t a  (usable  da t a ) .  - During t h i s  zone, whose t ime 
dura t ion  i s  determined s o l e l y  by t h e  t e s t  f a c i l i t y ,  t h e  t ransducers  are 
connected t o  t h e  d a t a  channel inpu-ts, and t h e  data are recorded on t h e  
d a t a  channels. 
l a te r )  are being recorded s e r i a l l y  on c o n t r o l  channel A, and a 54- 
k i locyc le  i s  recorded on c o n t r o l  channel B. The block numbers a r e  used 
t o  mark t h e  t a p e  f o r  playback search, and t h e  54-ki locycle  s i g n a l  i s  
used f o r  wow and f l u t - t e r  compensation during playback. The te rmina t ion  
of t h i s  zone i s  caused by a "stop" command from t h e  t e s t  f a c i l i t y .  

A l so  dur ing  t h i s  zone block numbers (descr ibed  i n  d e t a i l  

1 
2 Zone 6, ze ro  check. - Zone 6 i s  a 1-- second zone that  i s  t h e  same 

as zone 2 (zero  c a l i b r a t e )  except f o r  t h e  t i m e  durat ion.  
pared with zone 2 during playback t o  v e r i f y  t h a t  t h e r e  was n e g l i g i b l e  
frequency d r i f t  during t h e  d a t a  run. 
o r  l e s s ,  t h e  short- term frequency d r i f t  i s  l e s s  t han  0.05 percent .  

Zone 6 i s  com- 

For t h e  normal data run, 2 minutes 

Zone 7, f u l l - s c a l e  check. - Zone 7 i s  a 1I -second zone t h a t  i s  t h e  2 
same as zone 3 ( f u l l - s c a l e  c a l i b r a t e )  except f o r  t h e  t ime dura t ion .  This  
zone i s  included so t h a t  v e r i f i c a t i o n  can be made of n e g l i g i b l e  frequency 
d r i f t  during the data run. 

Zone Def in i t i on  

Each of t h e  seven zones i s  def ined  by a unique combination of two 

The ( - )  
of t h e  t h r e e  p o s s i b l e  f requencies  on c o n t r o l  channels A and B. The zone 
time dura t ions  and code d e f i n i t i o n s  are shown i n  f i g u r e  IV-4. 



corresponds t o  a f i x e d  frequency of 32.4, t h e  (0 )  t o  54, and t h e  (+) t o  
75.6 k i locyc le s .  There are n ine  poss ib l e  code combinations, seven of 
which a r e  recorded on t a p e  f o r  zone i d e n t i f i c a t i o n .  O f  t h e  remaining 
two, t h e  ( O ) / ( O )  i s  not recorded on t a p e  but  i s  used during playback f o r  
blank t a p e  ind ica t ion ,  and t h e  ( - ) / ( - )  i s  not used. The zone t i m e  du- 
r a t i o n  and f requencies  shown i n  f i g u r e  IV-4  a r e  f o r  a t a p e  speed of 60 
inches p e r  second. 

Record Number 

The record  number ( see  f i g .  IV-5) i s  recorded on c o n t r o l  channel A 
dur inz  -the cen te r  por-Lion of t h e  record number zone. It i s  a fou r -d ig i t  
binary-coded decimal number t h a t  i n d i c a t e s  both t h e  f a c i l i t y  i d e n t i f i -  
ca t ion  number and t h e  analog reading number. The record  number i s  en- 
coded i n  such a manner t h a t  a frequency t r a i n  500 microseconds i n  t ime 
dura t ion  r ep resen t s  a b i n a r y  "1" and a frequency t r a i n  250 microseconds 
i n  time dura t ion  r ep resen t s  a b ina ry  ''0'' w i t h  a b i t  leading-edge sepa- 
r a t i o n  of 2 mi l l i seconds .  With a recording speed of 60 inches p e r  
second t h e  b i t  a r e a  i s  75.6 k i locyc le s ,  and t h e  area between b i t s  i s  
54 k i locyc le s .  

The record  number t o  be recorded i s  s t o r e d  i n  t h e  record  number 
s to rage  u n i t  which i s  i n t e r r o g a t e d  once a t  t h e  beginning of each d a t a  
run. The record  number s t o r a g e  u n i t  c o n s i s t s  of a r e l a y  s to rage  u n i t  
(decimal) ,  a r e l a y  code conversion mat r ix  (decimal t o  binary-coded 
decimal),  and a v i s u a l  d i s p l a y  u n i t .  
a l l y  en tered  i n t o  one of fou r  a v a i l a b l e  s to rage  u n i t s  and i s  he ld  f o r  
u se  i n  e i t h e r  t h e  analog o r  d i g i t a l  t r a n s i e n t  record ing  system. The 
f a c i l i t y  i d e n t i f i c a t i o n  number ( f i rs t  two d i g i t s  of t h e  record  number) 
i d e n t i f i e s  one of t h e  f o u r  a v a i l a b l e  s to rage  u n i t s  as being reserved  
f o r  a s p e c i f i c  t e s t  f a c i l i t y .  After t h e  completion of t h e  d a t a  run t h e  
reading number ( last  two d i g i t s  of t h e  record  number) of t h e  a s soc ia t ed  
t e s t  f a c i l i t y  i s  au tomat i ca l ly  advanced; thus ,  each data run i s  i d e n t i -  
f i e d  by a unique record  number. 
i n d i c a t e  t h e  conten ts  of t h e  record  number s to rage  u n i t  f o r  opera tor  log  
en t ry .  

The i n i t i a l  record  number i s  manu- 

The v i s u a l  d i s p l a y  u n i t s  are  used t o  

Block Number 

The block number ( see  f i g .  IV-6) i s  recorded on c o n t r o l  channel A 
during t h e  record  data zone. It i s  a f o u r - d i g i t  binary-coded decimal 
number and i s  encoded on t ape  between "marker" pu l ses  spaced 50 m i l l i -  
seconds apa r t .  The marker pu l se  i s  encoded as a frequency t r a i n  1500 
microseconds i n  t ime dura t ion .  The block number i s  encoded i n  such a 
manner that a frequency - t r a i n  500 microseconds i n  t ime dura t ion  repre-  
s e n t s  a b ina ry  "0" and a frequency t r a i n  250 microseconds i n  t ime 
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dura t ion  r ep resen t s  a b ina ry  "1" with  a b i t  leading-edge separa t ion  of 
2 mil l iseconds.  The leading  edge of t h e  h ighes t  o rder  b i t  of t h e  block 
number i s  separa ted  from t h e  leading  edge of t h e  "markerfr pu lse  by 10 
mi l l i seconds .  In  t h e  block number t h e  b i t  area i s  54 k i locyc les ,  and 
t h e  area between t h e  b i t s  i s  75.6 k i locyc le s .  

The block number i s  s to red  i n  a binary-coded decimal counter  con- 
t a i n e d  i n  t h e  record  number/block number genera tor  and has a t o t a l  
capac i ty  of 10,000 d i g i t s  (from 0000 t o  9999). 
i s  i n i t i a l i z e d  t o  ze ro  p r i o r  t o  each d a t a  run and i s  advanced one count 
every 50 mi l l i seconds  dur ing  t h e  time data a r e  being recorded. This  
permits  a d a t a  run of 8-1/3 minutes (at 60 in . / sec)  be fo re  t h e  block 
number counter  overflows. This  exceeds t h e  a n t i c i p a t e d  time requirement 
f o r  any d a t a  run. 

The block number counter  

F igures  IV-4, IV-5, and I V - 6  are shown f o r  a t a p e  speed of 60 inches 
pe r  second. For 30-inch-per-second opera t ion  t h e  time dura t ions  are i n -  
creased by a f a c t o r  of 2, and t h e  f requencies  are decreased by a f a c t o r  
of 2 so  t h a t  t h e  format i s  compatible a t  a l l  playback speeds. 

Timer and Record Number/Block Number Generator 

The timer i s  an e l e c t r o n i c  u n i t  u t i l i z i n g  d i g i t a l  l o g i c  techniques 
f o r  c o n t r o l l i n g  t h e  opera t ion  of t h e  analog t r a n s i e n t  recording system 
and f o r  c o n t r o l l i n g  t h e  var ious  t i m e  zones i n t o  which t h e  t a p e  record 
i s  divided. The t imer  a l s o  genera tes  t h e  f i x e d  f requencies  used i n  
i d e n t i f y i n g  t h e s e  zones. 

A ser ia l  c o n t r o l  technique, us ing  cascaded monostable mul t lv ibra-  
t o r s ,  was chosen f o r  u se  i n  t h e  timer. T h i s  method was chosen because, 
s i n c e  a high degree of accuracy i s  not  requi red  i n  t h e  t ime dura t ion  of 
t h e  zones, i t s  f l e x i b i l i t y  (zone t ime dura t ions  can be changed without 
a d d i t i o n a l  equipment o r  modi f ica t ion  of e x i s t i n g  equipment) and ease  i n  
t roubleshoot ing  make it preferab le . .  

Counter c o n t r o l  technique c o n s i s t s  of us ing  an a s t a b l e  m u l t i v i b r a t o r  
and d iv id ing  t h e  output frequency by t h e  use  of a s t r i n g  of b ina ry  
s c a l e r s  t o  achieve t h e  desired t ime i n t e r v a l .  Because t h e  counter  con- 
trol technique i s  a ve ry  accu ra t e  means of genera t ing  t i m e  i n t e r v a l s ,  
it i s  used i n  t h e  record  number/block number genera tor  t o  determine t h e  
pu l se  widths of t h e  encoded number. 

The l o g i c  elements used are t r a n s i s t o r i z e d  u n i t s  designed and b u i l t  
a-t Lewis Research Center. 

P r i o r  t o  us ing  t h e  analog t r a n s i e n t  recording system f o r  recording 
d a t a  an  automatic  check i s  performed on t h e  fol lowing u n i t s :  timer, 
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record number/block number generator ,  tape,  t a p e  t r anspor t ,  plugboards, 
recording speed, and record  number s to rage  u n i t .  If each of t h e s e  check 
c o r r e c t l y  (each has i t s  own panel  l igh-t  on t h e  c o n t r o l  console) ,  t h e  
system "ready" l i g h t ,  a l s o  on t h e  c o n t r o l  console, w i l l  i n d i c a t e  t h a t  
t h e  system i s  ready t o  accept  a d a t a  run. 

When t h e  t es t  f a c i l i t y  i n i t i a t e s  a r r c a l l r t  ( see  f i g .  IV-7)  f o r  t h e  
analog t r a n s i e n t  record ing  system, t h e  c o n t r o l  u n i t  starts t h e  t a p e  
handler  and t h e  timer. The t imer ,  i n  conjunct ion with t h e  c o n t r o l  u n i t  
and record  number/block number generator ,  a l lows t h e  t a p e  handler t o  g e t  
up t o  speed, encodes a record  number (zone l), and p laces  t h e  p r e c a l i -  
b r a t i o n  (zones 2 and 3) on t ape .  Then, depending upon t h e  mode of oper- 
a t ion ,  t h e  system w i l l ,  i n  t h e  "manual" mode, s t o p  i n  a ready-to-record 
s t a t e  or, i n  t h e  "programmed" mode, go through a 150-mill isecond preda ta  
zone (zone 4)  d i r e c t l y  i n t o  t h e  record  data zone (zone 5). In  "manual" 
mode of opera t ion  t h e  system remains i n  a ready-to-record s t a t u s  u n t i l  
t h e  t e s t  f a c i l i t y  sends a "take data" command t o  t h e  system. The timer, 
which aga in  c o n t r o l s  t h e  system through t h e  c o n t r o l  u n i t ,  s tar ts  t h e  
t a p e  handler,  and a f t e r  a 2-second p reda ta  zone (zone 4) causes t h e  
system t o  go i n t o  t h e  r eco rd  d a t a  zone (zone 5).  
t h e  record  d a t a  zone, r ega rd le s s  of mode of operat ion,  t h e  record  
number/block number genera tor  p l aces  a block number on t a p e  every 
50 mi l l i seconds .  A t  t h e  completion of t h e  data run, t h e  t es t  f a c i l i t y  
sends a t rs topt '  command t o  t h e  system. 
t h e  c o n t r o l  un i t ,  t h e  p o s t - c a l i b r a t i o n  on t a p e  (zone 6 and 7 )  and s t o p s  
t h e  system. A s e t  of pane l  l i g h t s  on t h e  c o n t r o l  console  g ives  a 
visual i n d i c a t i o n  of t h e  timer and, hence, t h e  system at  a l l  t i m e s .  

Once t h e  system i s  i n  

The t i m e r  t hen  places ,  th rough 

Analog Computer 

The analog computer, which i s  p a r t  of t h e  c e n t r a l  t r a n s i e n t  d a t a  
f a c i l i t y ,  i s  a commercially a v a i l a b l e  analog computer. It c o n s i s t s  of 
36 ope ra t iona l  a m p l i f i e r s  (12  integrator-summers and 24 summers), e igh t  
e l e c t r o n i c  m u l t i p l i e r s ,  60 servo-se t  c o e f f i c i e n t  potent iometers ,  and 
s i x  servo-se t  func t ion  genera tors .  These components have nominally 
0.1-percent accuracy wi th  t h e  except ion of t h e  func-tion genera tors ,  
which have 1.0-percent accuracy. A photograph of t h i s  computer i s  shown 
i n  f i g u r e  1-4. 

The analog computer i s  used t o  make on- l ine  rocket-engine perform- 
ance c a l c u l a t i o n s  whi le  t h e  rocke t  engine i s  being t e s t e d ,  These on- 
l i n e  c a l c u l a t i o n s  he lp  t h e  rocket  t e s t  engineer  t o  roughly a s s e s s  t h e  
t es t  r e s u l t s  and speed up t e s t i n g  by e l imina t ing  t h e  need f o r  manual 
c a l c u l a t i o n s  during t e s t i n g .  Typica l  c a l c u l a t i o n s  of t h i s  t y p e  made on 
t h e  analog computer a r e  f u e l  and oxidant f low r a t e s ,  ox idant - fue l  r a - t i o  
c h a r a c t e r i s t i c  ve loc i ty ,  and s p e c i f i c  impulse. 'More accu ra t e  calcu-  
l a t i o n s  a r e  a l s o  performed by a d i g i t a l  computer and a r e  made a v a i l a b l e  
t o  t h e  t e s t  engineer a t  a l a t e r  t ime. 
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The analog computer i s  used a t  t imes i n  preference  t o  t h e  d i g i t a l  
computer where analog p l o t s  of computed r e s u l t s  during a complete t e s t  
are more u s e f u l  t han  d i g i t a l  t abu la t ions ,  and when d i g i t a l  accuracy i s  
not  requi red  i n  t h e  r e s u l t s .  

PLAYBACK FERTURES 

The information from channels A and B i s  used during playback f o r  
t h e  fol lowing purposes! 

(1) Control  t h e  search  l o g i c  during a record number and block 
number search  

( 2 )  Operate t h e  automatic  d r i f t  co r rec t ion  u n i t  f o r  automatic 
c a l i b r a t i o n  on playback 

(3) Correct f o r  wow and f l u t t e r  

The s e c t i o n  e n t i t l e d  "Tape Format" explained what information i s  recorded 
i n  t h e  two c o n t r o l  channels A and B. The fol lowing sec t ions  w i l l  ex- 
p l a i n  how t h e  information i n  t h e s e  c o n t r o l  channels i s  decoded and used. 

Control  Channel Decoder 

I d e n t i f i c a t i o n  of e igh t  d i s c r e t e  zones has t o  be  obtained from t h e  
c o n t r o l  channels. The func t ion  of t h e  c o n t r o l  channel  decoder i s  t o  
determine which of t h e s e  zones i s  being examined at any t ime during 
playback. These zones are: 

(1) Record numl2er z m e  

( 2 )  Zero c a l i b r a t i o n  zone 

(3) F u l l - s c a l e  c a l i b r a t i o n  zone 

( 4 )  Predata  zone 

(5) Data zone 

( 6 )  Zero check zone 

( 7 )  F u l l - s c a l e  check zone 

(8) Blank t a p e  
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During playback, t h e  frequency recorded on t a p e  i n  t h e  two c o n t r o l  
The p o s s i b l e  channels converted t o  a d-c vo l t age  by an FM demodulator. 

vo l t ages  a r e  +1.4, 0, o r  -1.4 v o l t s .  Figure IV-8 shows t h e  output v o l t -  
ages  of each c o n t r o l  channel demodulator during t h e  e igh t  zones. The 
output of each c o n t r o l  channel demodulator i s  fed i n t o  a complementary 
ampl i f i e r .  The a m p l i f i e r  has two outpu-t channels, each output channel 
having a vo l t age  l e v e l  of 0 o r  -5 v o l t s .  Both output channels can be 
zero v o l t  a t  t h e  same time, bu t  t h e y  can never be a t  -5 v o l t s  a t  t h e  
same t i m e .  F i eu re  IV-8 shows t h e  output vo l tage  of each channel of t h e  
a m p l i f i e r  when one of t h e  t h r e e  p o s s i b l e  input  vo l tages  i s  app l i ed  t o  
the ampl i f i e r  input .  

The decoder c o n s i s t s  of AND g a t e s  combined s o  t h a t  an  output i s  
obtained on only  one of e igh t  s epa ra t e  output  l i n e s  corresponding t o  t h e  
e igh t  d i f f e r e n t  zones. The t r u t h  tab le  i n  f i g u r e  IV-8 shows t h e  inpu t s  
r equ i r ed  by t h e  AND l o g i c  from t h e  f o u r  complementary a m p l i f i e r  outputs .  

A s  soon as ei ther  t h e  record  number zone or t h e  d a t a  zone i s  de- 
t ec t ed ,  t h e  output l i n e s  of t h e  o the r  seven zones a r e  disabled.  The 
l i n e s  remain d l sab led  u n t i l  t h e  end of e i t h e r  one of t h e s e  two zones i s  
reached. T h i s  ensures  t h a t  no fa lse  output w i l l  be de tec t ed  by t h e  de- 
coder during t h e s e  two zones. F igure  I V - 8  shows why a f a l s e  zone ind i -  
ca t ion  would be d e t e c t e d  dur ing  t h e  record  number and d a t a  zones i f  t h i s  
fea- ture  were not incorporated.  A s  t h e  record  number b i t s  appear, t h e  
output vo l t ages  of t h e  two c o n t r o l  channel demodulators a r e  t h e  same as 
t h e  vo l t ages  obtained during t h e  p reda ta  zone. When t h e  block number 
b i t s  appear, t h e  two demodulator output  vo l tages  are t h e  same as t h e  
vo l t ages  obtained during t h e  blank tape zone. 

A l l  e igh t  ou tputs  are disabled when t h e  t a p e  t r a n s p o r t  i s  s t a r t e d  
and remain d i sab led  f o r  3 seconds t o  a l low t h e  t a p e  t r a n s p o r t  t o  g e t  up 
-to speed. 

Record number and block number decoder. - The record  and block 
number decoder i s  used f o r  i n t e r p r e t i n g  t h e  pu l ses  t l a t  make up t h e  
record  numbers, block numbers, and a l s o  the  marker pu l se s  between block 
numbers. The leading  ede,e of each pu l se  coming from c o n t r o l  channel A 
i s  used t o  tri&Ger a one-shot m u l t i v i b r a t o r  which produces a s tandard  
leiigth pulse .  Pulses  coming from t h i s  channel are compared wi th  t h e s e  
s tandard  l eng th  pulses .  If t h e  p u l s e  from t h i s  channel i s  s h o r t e r  t han  
tbe sLandard, it i s  a "zero,"  and, i f  longer,  i c  i s  a rrone." Af t e r  
i d e n t i f i c a t i o n ,  each "zero" o r  "one" i s  loaded s e r i a l l y  through a p a t e  
i n t o  t h e  record  and block number s h i f t  r e L i s t e r .  When t h e  complete 
number ha; keen en tered  i n t o  the r eg i sce r ,  t h e  g a t e  a t  t h e  input  i s  
closed, and t i le  number i n  the r e g i s c e r  i s  then  compared wi th  t h e  number 
i n  s torage .  
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The marker pu l se s  between block numbers a r e  used t o  r e s e t  t h e  
r e g i s t e r  and reopen t h e  g a t e  a t  t h e  input .  A "pseudo" marker pu l se  i s  
generated between reading numbers when t h e  system i s  searching f o r  a 
reading number. The system i s  a b l e  t o  search  i n  e i t h e r  t h e  forward or 
r eve r se  d i r e c t i o n .  I n  t h e  forward d i r e c t i o n  t h e  most s i g n i f i c a n t  b i t  of 
t h e  reading or block number i s  read o f f  t a p e  f irst ,  while i n  t h e  r eve r se  
direc-cion t h e  l e a s t  s i g n i f i c a n t  b i t  i s  read  of f  f i r s t .  The r e g i s t e r  can 
be loaded from e i t h e r  end and s h i f t e d  i n  e i t h e r  d i r e c t i o n  so  t h a t  t h e  
b i t s  w i l l  always be  i n  t h e  c o r r e c t  o rder  i n  t h e  r e g i s t e r ,  r ega rd le s s  of 
t h e  d i r e c t i o n  of search. 

Comparator. - The record  and b lock  number s t o r a g e  comparator compares 
t h e  numbers i n  s to rage  when t h e  analog data system i s  opera t ing  i n  t h e  
search  mode. I t s  func t ion  i s  t o  i n d i c a t e  whether t h e  number i n  s to rage  
i s  l a rge r ,  smaller, or coincident  wi th  a number read  from tape .  This  i s  
done by comparing information i n  t h e  r e g i s t e r  l abe led  "record and block 
number t a p e  r e g i s t e r "  and Irrecord and block number s to rage  r e g i s t e r "  i n  
f i g u r e  IV-1 .  

The comparison i s  made i n  sequen t i a l  s teps ,  each of which compares 
a given b i t  of t h e  number i n  t h e  t a p e  r e g i s t e r  with t h e  corresponding 
bi- t  of t h e  number i n  t h e  s to rage  r e g i s t e r .  The comparison begins  wi th  
t h e  most s i g n i f i c a n t  b i t s  of t h e  numbers and progresses  i n  a descending 
sequen t i a l  manner, through t h e  in te rmedia te  s tages ,  t o  t h e  las t  s tage,  
which compares t h e  least s i g n i f i c a n t  b i t s  and y i e l d s  an  output i f  t h e  
numbers are co inc ident .  If t h e  numbers are not  coincident ,  comparison 
progresses  only u n t i l  coindidence i s  l o s t ,  at which t ime a "too la rge"  
or "too small" output s i g n a l  i s  generated.  

A s ing le  stage of the  comparator i s  shown i n  f i g u r e  IT-9, and t h e  
complete comparator i s  shown i n  f i g u r e  IV-10. Besides t h e  previous ly  
mentioned r e g i s t e r  inputs ,  each s t a g e  must r ece ive  a command s i g n a l  t o  
operate .  The command s i g n a l  t o  t he  f i r s t  s t a g e  i s  suppl ied  from t h e  
record block number decoder and enables  t h e  f irst  s t age  t o  d e l i v e r  a 
s i g n a l  t h a t  i s  i n d i c a t i v e  of t h e  t a p e  r e g i s t e r  and s to rage  r e g i s t e r  
i npu t s  i n  t h e  most s i g n i f i c a n t  b i t  pos i t i on .  Should a "1" e x i s t  i n  t h e  
s to rage  r e g i s t e r  and a "0" appear  i n  t h e  r e g i s t e r  tape,  a "too s m a l l "  
s i g n a l  occurs; conversely, a ''Otf i n  t h e  s to rage  r e g i s t e r  and a "1" i n  
t h e  t a p e  r e g i s t e r  r e s u l t  i n  a " too  la rge"  output,  These s i g n a l s  termi- 
n a t e  a t  c o n t r o l s  t h a t  determine t h e  d i r e c t i o n  of t h e  t a p e  handler  and 
a r e  -,rested i n  d e t a i l  elsewhere i n  t h i s  r epor t .  Whenever t h e  b i t  on 
t h e  t a p e  r e g i s t e r  i s  i d e n t i c a l  t o  t h e  corresponding b i t  i n  t h e  s to rage  
r e g i s t e r ,  a coincidence s i g n a l  i s  produced. This  i n t e r n a l l y  generated 
s i g n a l  becomes t h e  command f o r  t h e  second s tage .  Coincidence output 
from t h e  second s tage,  i n d i c a t i n g  coincidence i n  bo th  f i r s t  and second 
s tages ,  c r e a t e s  t h e  command f o r  t h e  t h i r d ,  and s o  on t o  t h e  last  s t a g e  
where t h e  coincidence s i g n a l  becomes the  coincidence input  t o  t h e  t a p e  
search  con t ro l s .  
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Tape Search Controls  

The record  number and block numbers recorded on t a p e  are used during 
playback t o  l o c a t e  any d e s i r e d  reading Prom a s p e c i f i c  f a c i l i t y  and any 
d e s i r e d  sec t ion  oP t h e  d a t a  wi th in  t h a t  reading. The record  number con- 
s i s t s  of a two-digi t  reading number and a two-digi t  f a c i l i t y  number, and 
i s  w r i t t e n  on t a p e  i n  t h e  record  number zone. The block number i s  a 
fou r -d ig i t  number w r i t t e n  at 50-mil l isecond i n t e r v a l s  during t h e  t ime 
d a t a  are being recorded i n  each reading.  
each reading i s  played i n t o  X-Y p l o t t e r s ,  s t r i p - c h a r t  recorders ,  o r  an  
analog computer f o r  computations and p l o t t i n g .  

The d e s i r e d  sec t ion  of d a t a  i n  

The t a p e  search  c o n t r o l s  u se  s i g n a l s  from t h e  comparator t o  de t e r -  
mine i f  t h e  d i r e c t i o n  of search  i s  co r rec t  o r  i f  t h e  d i r e c t i o n  of search  
has t o  be  reversed.  In  searching, t h e  r ee l  motors do t h e  d r iv ing  r a t h e r  
than  t h e  capstan,  t h u s  making it poss ib l e  t o  i n i t i a t e  e i t h e r  a forward 
o r  r eve r se  search. The search  speed i s  60 inches per second. 

The record  number and b lock  number search  con-trols can be  opera ted  
i n  ei . ther one of two playback modes. The modes a r e :  

(1) Manual playback. This  mode i s  used p r i m a r i l y  f o r  ed i t i ng .  The 
opera tor  must choose whether a search  i s  -to be made f o r  record  number o r  
block number. Af t e r  making t h e  search, t h e  t a p e  t r a n s p o r t  will s t o p  a t  
a poin t  immediately ahead of t h e  selec- ted record  o r  block number. 

( 2 )  Automatic playback. This  mode i s  used after t h e  data have been 
e d i t e d  and a r e  being played back f o r  computations and p l o t t i n g .  I n  t h i s  
mode, the  t a p e  t r a n s p o r t  switches i n t o  capstan d r i v e  a f t e r  t h e  record  
number has been found. Then, as t h e  zero and f u l l - s c a l e  c a l i b r a t i o n  
zones a r e  passed through, t h e  output  of t h e  playback e l e c t r o n i c s  i s  
au tomat i ca l ly  a d j u s t e d  t o  co r rec t  f o r  any d r i f t  tha-t  may have occurred 
i n  t h e  record and playback e l e c t r o n i c s .  The t r a n s p o r t  cont inues run- 
ning, and, when t h e  f i r s t  s t o r e d  block number i s  reached, t h e  coincidence 
pu l se  rece ived  a t  t h i s  t ime s tar ts  t h e  analog computer or any o-ther 
s e l e c t e d  output device.  The t r a n s p o r t  cont inues i n  d r i v e  u n t i l  t h e  l as t  
s to red  block number i s  reached, a t  which time t h e  coincidence pu l se  
s tops  t h e  computer, tape t ranspor t ,  and o the r  output devices .  

The a b i l i t y  t o  hold a block number i n  d i s p l a y  i s  a f e a t u r e  of t h e  
search  c o n t r o l s  t h a t  can be  used i n  e i t h e r  t h e  manu-a1 o r  automatic  play-  
back modes. The block number t h a t  i s  i n  t h e  r e g i s t e r  o r  being loaded 
i n t o  t h e  r e g i s t e r  can be  he ld  i n  t h e  r e g i s t e r  and d isp layed  by p res s ing  
the "hold block number" bu-tton. 
bel-s w i l l  cont inue t o  run through t h e  r e g i s t e r .  ,Another  f e a t u r e  of t h e  
search  con t ro l s  t h a t  i s  used p r i m a r i l y  f o r  e d i t i n g  i s  t h e  a b i l i t y  t o  
s t o p  t h e  t r a n s p o r t  and hold t h e  l as t  block number i n  d isp lay .  

When t h e  bu t ton  i s  re leased ,  t h e  num- 
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Automatic D r i f t  Correct ion 

The analog record  modulators have a long-term d r i f t  a s soc ia t ed  with 
them. To inc rease  t h e  o v e r a l l  accuracy of t h e  system, t h e  outputs  of 
t h e  playback sys-tem are au tomat i ca l ly  adJus ted  during playback of each 
record,  using t h e  recorded c a l i b r a t i o n  s igna l s .  F igure  I V - 1 1  shows t h e  
d r i f t  co r rec t ion  c i r c u i t r y  f o r  one d a t a  channel. During t h e  zero C a l i -  

b r a t i o n  zone, t h e  vo l t age  at po in t  1 i s  compared i n  t h e  servoampl i f ie r  
with ground. The e r r o r  s i g n a l  ( t h e  sum of t h e  demodulator output vo l t age  
and t h e  vo l t age  a t  t h e  wiper arm of potent iometer  B)  i s  used t o  opera te  
t h e  servomotor t h a t  d r i v e s  t h e  wiper arm of potent iometer  B u n t i l  po in t  1 
i s  at zero  v o l t .  During t h e  f u l l - s c a l e  zone, t h e  vo l t age  at poin t  1 i s  
compared wi th  an accu ra t e  +1.4 v o l t s  by t h e  servoampl i f ie r .  The e r r o r  
s i g n a l  ( t h e  demodulator output vo l t age  p lus  t h e  zero  o f f s e t  vo l t age )  
opera tes  t h e  servomotor, which d r i v e s  t h e  wiper arm of potent iometer  A 
u n t i l  po in t  1 i s  at +1.4 v o l t s .  A s i n g l e  servoampl i f ie r  i s  switched 
between t h e  two servomotors. S igna ls  from t h e  c o n t r o l  decoder are used 
t o  switch t h e  motors and t h e  s tandard  vo l t ages  a t  t h e  proper time. 

If t h e  output of t h e  demodulator were below +1.4 v o l t s ,  it would be  
impossible t o  balance out t h e  f u l l - s c a l e  vol tage .  In  order  t o  ensure 
t h a t  t h i s  s i t u a t i o n  does not  occur, t h e  output of t h e  playback demodu- 
l a t o r  i s  ad,\us-ted t o  g ive  1.55 v o l t s  a t  f u l l  s c a l e  in s t ead  of 1 . 4  v o l t s .  

The automatic d r i f t  co r rec t ion  c i r cu i - t  can co r rec t  f o r  a maximum of 
+5 percent  zero d r i f t  and a -5 percent  f u l l - s c a l e  d r i f t  at t h e  same time. 
Checks of d r i f t  of record  modulators show tb -a t  t h e  maximum d r i f t  cor-  
r e c t i o n  i s  far above t h e  amount t h a t  can be expected. Over a 48-hour 
period, with t h e  record  modulators being ad jus t ed  only  a t  t h e  beginning 
of t h e  period, t h e  zero  d r i f t  w a s  1 .8  percent  and t h e  f u l l - s c a l e  d r i f t  
was 2 . 1  percent .  I n  a c t u a l  opera t ion  t h e  modulators are  ad jus t ed  every 
8 hours . 

- 

Analog Quick-Look System 

The analog quick-look system provides f o r  a v i s u a l  d i s p l a y  of any 
d e s i r e d  po r t ion  of t h e  data recorded by t h e  analog recording system. 
f u l f i l l s  t h e  d u a l  func t ion  of providing immediate v i s u a l  review of t h e  
reccrded d a t a  a f t e r  a run and e d i t i n g  of t h e  t a p e  p r i o r  t o  processing 
t h e  da t a .  The system i s  composed of two s e p a r a t e  p a r t s :  a s torage-  
type osc i l l o scope  capable  of i n d e f i n i t e  image r e t e n t i o n  and an input  
mul t ip lexer .  The l a t t e r  makes it p o s s i b l e  t o  d i s p l a y  from one t o  
1 2  channels of d a t a  simultaneously,  which t h e  osc i l l o scope  can s t o r e  
f o r  d e t a i l e d  s tudy  if  des i r ed .  

It 
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Storage  Osci l loscope 

The s to rage  osc i l l o scope  i s  a commercially a v a i l a b l e  instrument.  
It can be  used as a convent ional  osc i l loscope  o r  i n  t h e  s to rage  mode t o  
provide i n d e f i n i t e  s torage.  Other t han  t h e  s to rage  property,  t h e  f e a -  
t u r e s  t h a t  s u i t  it t o  t h i s  u s e  are a reasonably fast r i s e  t ime and slow 
sweep r a t e s .  
sampling ra te  i n  t h e  mul t ip lexer .  This  sampling ra te  then  l i m i t s  t h e  
frequency response of each channel t o  approximately 1 k i l o c y c l e  when 
d i sp lay ing  s i x  channels simultaneously.  
so t h a t  long records  of da t a  can be d isp layed  a t  one time. Since many 
t e s t s ,  such as rocket  f i r i n g s ,  are of s h o r t  durat ion,  it i s  i n  some cases  
poss ib l e  t o  d i s p l a y  a complete run on one sweep. If long-time s to rage  
i s  riot des i red ,  i - t  i s  p o s s i b l e  t o  a d j u s t  t h e  osc i l l o scope  t o  provide 
j u s t  long enough p e r s i s t e n c e  f o r  a good d i s p l a y  at slow but  r e p e t i t i v e  
sweeps. I n  t h i s  way one can v i s u a l l y  monitor long data runs t o  d e t e r -  
mine a r e a s  of s p e c i f i c  i n t e r e s t  quickly.  

The fast  r i s e  t ime al lows t h e  use  of a 30-ki locycle  

A slow sweep rate i s  d e s i r a b l e  

Mu It i p 1 ex e r 

It i s  t h e  func t ion  of t h e  mul t ip l exe r  t o  time-sample m u l t i p l e  chan- 
n e l s  of data and s e q u e n t i a l l y  f eed  them i n t o  a s i n g l e  output f o r  d i s -  
p l a y  on t h e  s t o r a g e  osc i l loscope .  A s i m p l i f i e d  block diagram of t h e  
mul t ip l exe r  i s  shown i n  f i g u r e  IV-12. 
pu-ts from each of t h e  ou-tput plugboards of t h e  two analog recorders ,  
'chis being t h e i r  maximum capac i ty .  

The mul t ip l exe r  r ece ives  1 2  i n -  

Standard modes of opera t ion  d i s p l a y  a l l  1 2  channels from a s i n g l e  
recorder  simultaneously,  or t h e  f i r s t  s i x  o r  last  s i x  simultaneously.  
Any s i n g l e  channel can be  observed d i r e c t l y  by bypassing t h e  mul t ip lexer .  
Other readout combinations can be  obtained by jumpering d i f f e r e n t  combi- 
na t ions  of i npu t s  a t  the analog system output plugboard. 

Relay A o r  B s e l e c t s  t h e  inpu t s  from one r eco rde r  o r  t h e  other .  
Each of t h e  1 2  i npu t s  s e l e c t e d  goes t o  a s t e p  a t t e n u a t o r .  When it i s  
d e s i r e d  t o  observe a s i n g l e  channel, t h e  s i g n a l  i s  s e l e c t e d  d i r e c t l y  
from the  a t t e n u a t o r  by a 12-pos i t ion  r o t a r y  switch and i s  f e d  t o  t h e  
s to rage  osc i l loscope .  For  m u l t i p l e  i npu t s  t h e  a t t e n u a t o r  ou tputs  f eed  
ind iv idua l  ,amplifiers. 
l a t i o n  as we l l  as d-c l e v e l  changing t o  permit i nd iv idua l  v e r t i c a l  PO- 

s i - t ion ing  of t h e  osc i l l o scope  t r a c e .  I n  this  way it i s  p o s s i b l e  t o  d i s -  
p l ay  s i x  sepa ra t e  inpu t s  on s i x  d i s t i n c t  base  l i n e s  d i sp l aced  v e r t i c a l l y  
on t h e  osc i l l o scope  screen.  

These a m p l i f i e r s  perform t h e  func t ion  of i so -  

Outputs from Lhe 1 2  ampl iy ie rs  go t o  l e v e l . g a t e s ,  each of which has 
tkxee inputs .  One input  i s  t h e  analog s i g n a l  from t h e  ampl i f ie r ,  and 
t h e  o the r  two are f o r  l o g i c a l  c o n t r o l  s igna l s .  Func t iona l ly  the g a t e s  
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a r e  AND g a t e s  t h a t  r e q u i r e  a s i g n a l  a t  each of t h e  two l o g i c  inpu t s  f o r  
t h e  g a t e  -to pass  t h e  analog s i g n a l  l e v e l  at t h e  t h i r d  input .  

For t h e  case of s i x  inputs ,  s i x  of t h e  g a t e s  have l o g i c  inputs  from 
a ga t ing  f l i p -P lop  and t h e  o the r  s i x  are cu t  o f f .  The second l o g i c  i n -  
put  i s  from a r ing-of -s ix  counter  that enables each of the s i x  g a t e s  i n  
sequence. 
sequens ia l ly ,  and t h e  sequence i s  repea ted  i n d e f i n i t e l y .  T o  d i s p l a y  
1 2  inpu t s  a t r i g g e r  p u l s e  i s  der ived  from the  r i n g  counter  f o r  each six 
inpu t s  and i s  used t o  change t h e  s t a t e  of t h e  ga t ing  f l i p - f l o p .  I t s  
output t he re fo re  g a t e s  f irst  one group of s i x  g a t e s  and then t h e  other ,  
a l t e r n a t e l y .  The ga t ing  f l i p - f l o p  i s  a l s o  used t o  produce a synchro- 
n iz ing  pu l se  every second time it changes state. This  can be used t o  
t r i g g e r  t h e  osc i l l o scope  sweep each time one P u l l  cyc le  of 1 2  inputs  has 
been displayed.  I n  t h i s  way success ive  scans of t h e  1 2  input  channels 
w i l l  f a l l  i n  t h e  same h o r i z o n t a l  p o s i t i o n  on the osc i l loscope ,  producing 
a bar-zraph type  of d i sp l ay .  
it would be poss ib l e  t o  use  a s low sweep r a t e  and d i s p l a y  1 2  chopped 
channels. However, s i n c e  t h e  s i g n a l s  u s u a l l y  overlap, 1 2  channels a r e  
i n  most cases  t o o  many f o r  c l a r i t y .  

In  t h i s  way, s i x  of t h e  channels are ga ted  t o  t h e  output 

If t h e  synchronizing pu l se  were not used, 

The complete quick-look system can be  seen i n  t h e  cen te r  of t h e  
con-trol  console of f i g u r e  1-5. A l l  con t ro l s  a r e  d i r e c t l y  beneath t h e  
s to rage  osc i l loscope .  

L e w i s  Research Center 
Nat iona l  Aeronautics and Space Administrat  ion  

Cleveland, Ohio, June 5, 1962 
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Figure lY-7.-Basic block diagram of system cont ro l .  
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F igure  IV-11. - Automatic d r i f t  co r rec t ion .  
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